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Vlll  LlVEJtroOL    I?I()L(lGltAL    SOCTETY. 


EEPOirr  ol  (lie  COUNCIL. 


JDi  i;iM.     tlie     Session     lD{l8-0i)     tlierc    have     been    seven 
ordinaiy  meetings  and  one  field  meeting  of  the  Society. 

The  Session  has  been  saddened  by  the  death  of  two 
of  the  oldest  members  of  the  Societ}^ — Mr.  Alfred 
Leicester  and  Mr.  Joseph  Lomas.  They  have  both  taken 
an  active  interest  in  the  Society  from  its 
commencement,  and  the  Council  desires  to  record  its 
aj)])reciation  of  their  services  and  of  the  great  loss 
sustained  by  their  death. 

The  communications  made  to  the  Society  al  the 
ordinary  meetings  have  been  representative  of  almost  all 
branches  of  Bioloffv,  and  the  various  exhibitions  and 
demonstrations  thereon  have  been  of  great  interest. 

By  invitation  of  the  Council,  Prof.  J.  Arthur 
Thompson,  M.A.,  of  Aberdeen  University,  lectured  before 
the  Society,  at  the  March  Meeting,  on  "  The  Biology  of 
the  Seasons." 

The  Library  continues  to  make  satisfactory  progress, 
and  additional  im])ortant  idiangcs  liave  l)ecn  arranged. 

The  Treasurer's  statement  and  balance-sheet  are 
a])pondc(l. 

The  members  at  present  mi  I  he  Kill  wvc  ;is  follows:  — 
Ordinary  members     ------     ,J0 

Associate   members    ------       3 

.    Student  meml)ers,   including  Shulculs"  Section  -     48 

Total     -         -  101 
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SUMMAlfY   of   PlfOCEEDlXGS    at    the   MEETINGS. 


The  first  meeting  of  the  twenty-third  session  was 
held  at  the  University,  on  Friday,  October  9th,  1908. 

The  President-elect  (Prof.  B.  Moore,  M.A.,  D.Sc.) 
took  the  chair  in  the  Zoology  Theatre. 

1.  The  Pteport  of  the  Council  on  the  Session  1907-1908 

(see  *'  Proceedings,"  Vol.  XXII.,  p.  viii.)  Avas 
submitted  and  adopted. 

2.  The  Treasurer's  Balance  Sheet  for  the  Session  1907- 

1908  (see  "Proceedings,"  Yol.  XXIL,  p.  xviii.)  was 
submitted  and  approved. 

3.  The    following    Office-bearers    and    Council    for    the 

ensuing  Session  were  elected  :  — Yice-Presidents, 
Prof.  Herdman,  D.Sc,  F.R.S.,  and  W.  T.  Haydon, 
F.L.S.;  Hon.  Treasurer,  W.  J.  Halls;  Hon. 
Librarian,  James  Johnstone,  B.Sc. ;  Jion.  Secre- 
tary, Joseph  A.  Clubb,  M.Sc  ;  Council,  H.  C. 
Beasley,  Margaret  Cussans,  B.Sc,  E.  Glynn, 
M.B.,  M.A.,  Oulton  Harrison,  J.  Lomas,  F.G.S., 
W.  S.  Laverock,  M.A.,  B.Sc,  Douglas  Laurie, 
M.A.,  E.  Newstead,  M.Sc,  A.L.S.,  J.  H.  0-Connell, 
L.R.C.P.,  Joseph  Pearson,  D.Sc,  Prof. 
Sherrington,  F.Il.S.,  and  E.  Thompson. 

4.  Prof.      B.      Moore,      M.A.,      D.Sc,      delivered      the 

Presidential  Address  on  "The  Reactions  of  Marine 
Organisms  in  relation  to  Light  and  Phosphorescence  " 
(see  "  Transactions,"  p.  1).  A  vote  of  thanks  \?as 
proposed  by  Mr.  Beasley,  seconded  by  Prof.  Myres, 
and  carried  with  acclamation. 


X  LIVEKPOOL    lUOr-OGlCAL   SOCIETY. 

The  second  meeting:  of  tlie  twenty-tliii'd  session  was 
held  at  tlie  1 '  niversit y,  on  Friday,  ^l'ovenll)el■  l-ith.  1008. 
TJie  Pi'esideiit   in  tlie  cliaii'. 

1.  ( )n  tlie  motion  ot  Prot.  llerdinan,  seconded  hy  Mr. 
W.  -1.  Halls,  the  following  resolntion  was 
adopted  :  — 

'■  Tli(>  niemhers  of  the  Liverpool  Biolog-ical 
Society  have  received  with  (h'ep  sorrow  the  news 
of  the  recent  death  of  Mr.  Alfred  Leicester.  They 
recall  that  Mj'.  Leicester  was  one  of  the  original 
members  of  tlie  Society,  has  recently  served  on 
the  (-'ouncil,  and  occupied  the  Presidential  chair 
during  the  Sessi(»n  l!)()4-0").  Mi'.  Leicester  was  a 
valued  eontributoi-  to  the  '  Pi-oceedings."  and  his 
kindly  jiresence  and  helpful  counsel  will  he  gr(>a(ly 
missed.  The  members  of  the  Society  desire  to 
express  their  syni|)athy  with  the  family  of  theij' 
late  colleague  and  to  send  a  <'0[)y  of  this  rcsolutio]) 
to  Mrs.  Leicester." 

'J.  The  following  exhibits  with  demonstiations  were 
made :     - 

((()   ^licroscopic   pre])aral  imis   by    Miss  Thornely. 

(h)    \'arious  apparatus   hy    .Mi.    Doughis    Laiiric. 

(r)  Lantein  pliotogiaphs  ol  living  Jjcpidoptera. 
taken  l)y  Mr.  II  ugh  .Main,  H.Sc.,  by  Mi-.  OuJion 
I  larrison. 

■  I.  J*r(d'.  Ilerdmaii  siil)inill(Ml  the  .\niinal  I{(>pii!l  on  I  he 
work  ot  the  Li\('ipo(il  MiMinc  Hiology  ( 'oinniil  (ee 
and  the  P(trt  Liiii  IJiological  Station  (see 
"  Transactions,"    p.   35). 

I.  \  note  on  two  aniphipiMU  troin  Meii.ii  Straits  li\'  Mi-. 
.Mired  Waikei-,  l^'.L.S.,  wa.^  viibm  ii  led  (see 
"  Transactions,"    p.  lOJ). 


SUMMAEY    OF    TROCEEDIXOS   AT    MEETINGS.  XI 

Tlie  third  meeting  of  tlie  twenty-ihird  session  was 
held  at  the  University,  on  Friday,  December  11th,  1IJ08. 
The  President  in  the  chair. 

1.  Mr.     E.     Thompson     exhihitiM],     with     remarks,     a 

s})ecinien  of  Leaf  Insect. 

2.  Mr.      Doiigdas      Laurie      submitted      a      paper      on 

"  Mendelism,"  and  gave  an  account  of  certain 
results  oljtained  by  him  in  the  colour  markings  of 
mice,  bearing  out  Metidcls  law. 


The  fourth  meeting  of  the  twenty-third  session  was 
held  at  the   University,  on  Friday,  Januar}^  15th,  1909. 

1.  On   the   motion   of   the    President,    seconded    by   Mr. 

IL  C.  Beasley  and  Mr.  W.  T.  Haydon,  the 
following   Pesolntion  was   silently   adopted:  — 

"  That  the  members  of  the  Liverpool  Biological 
Society  desire  to  place  on  record  the  loss  the 
Society  has  sustained  by  the  death  of  Mr.  -Joseph 
Lomas,  and  their  high  appreciation  of  the  work 
accomplished  by  him  in  extending  knowledge, 
especially  in  Biology  and  Geology,  and  of  the 
interest  he  has  taken  in  the  work  of  the  Society 
as  President,  Member  of  Council,  and  A-alued 
contributor  to  its  '  Proceedings.'  That  the 
Honorary  Secretary  be  instructed  to  send  a  copy 
of  this  resolution  to  Mrs.  Lomas,  together  Avith 
an  expression  of  the  deep  sympathy  of  the  Society 
with  her  and  her  familj-  in  their  bereavement." 

2.  Mr.    ■) .     -Tolmstone,     B.Sc,     submitted     the     Annual 

Iveport  of  the  Investigatious  carried  on  duriug 
1908  in  connection  with  tlie  Lancashire  Sea 
Fisheries  Committee  (see  "  Transactions,''  }).  llTj. 
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;».  Dr.  IJassett  supj)leiueiite(l  the  above  Ifcport  by  a 
descripliou  of  liis  work  on  "The  Salinity  of  the 
Irish  Sea  area." 


The  litth  meeting-  ol  the  tweiily-i  li  iid  session  was 
hehl  at  the  L'niversity,  on  Friday,  Fe])ruary  12th,  IHOO. 
The  President  in  the  eh  air. 

1.  The    ((ilh)win'i-    (>xhil)its    with    (h^nonstrat  ions    were 

made  :  — 

(«)  Living  Boas  and  Pyihon.  by  Dr.  -T.  IT. 
(,)'Connell. 

(b)  Living  albino  Axolotl  with  regenerated  toes, 
and  a  specimen  id'  the  Bat-fish  [MaUhc 
resprrtilio),  by  Mr.  J.  .V.  Clubb,  M.Sc 

2.  J)r.    -1.    11.    (»"('oniudl    o';ive    an    interesting-   paper   on 

"  The  Ocenrrence  of  Sea  Anemones  at  Port  Erin," 
and  several  new  records  of  varieties  and  species 
Avere  made.  xV  series  of  original  lantern  slides 
were  nsed  in    illusi  rati(jn. 


Thr  >i.\lh  meeting-  of  (he  Iwenty-third  session  was 
hcbl  al  the  Liiiveisily,  on  Friday,  March  12th,  VM). 
The  I*resi(h'nt  in  the  chair. 

1.      Piiil.     -1.      Arthnr     Thompson,      .M..\..     id'      .\lier(h>en 

r  niveisity,  gave  a   b'clni'e  on   the  "  Uiohigv  (d    the 

Seasons,'     i  1 1  iisl  rated     by     a     charming     seiies     ot 

*  lantern  slides.     In  i-csponse  lo  special    invitation   a 

Jarire  andience  assembled. 


SUIIM.VKY    OF    rR()CEEDlX(;S   AT    MEET1.\'(;S.  Xlll 

The  seventh  meeting  of  the  twenty-third  session 
was  held  at  the  University,  on  Frihiy,  May  14th,  VM). 
The^  President  in  the  chair. 

1.  Prof,  llerdman  exhibited,   with   ic^marks,   a   blocdv  of 

,  stone,  truAvled  off  the  West  Coast  of  Irehuid,  f)n 
whicdi  were  a  great  immlier  of  species  of  marine 
organisms. 

2.  Mr.  F.  IT.  Gravely,  M.Sc.,  submitted  the  L.M.I3.C. 

Memoir  on  "  Larval  forms  of  Polychaetous 
"Worms  found  at  Port  Erin  "  (see  "  Transactions," 
p.  oTo). 


Tlie  eighth  meeting  of  the  twenty-third  session  was 
the  Annual  Field  Meeting  held-  at  Delamere  Forest,  on 
Saturday,  June  l'2th.  Mr.  Robert  Newstead  kindly 
acted  at  leader.  At  the  short  business  meeting  held  after 
tea,  on  the  motion  of  the  President  from  the  chair,  Mr. 
It.  NeAvstead,  M.Sc,  A.L.S.,  was  unanimously  elected 
President  for  the  ensuing  session. 
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LIVERPOOL   BIOLOGICAL   SOCIETY 


INAUGURAL   ADDRESS 

ON 

REACTIOXS    OF    MARINE    ORGANISMS    IN    RELATION    TO 
LIGHT    AN])    PHOSPHORESCENCE. 

By    BENJAMIN    MOORE,    M.A.,    ]).Sc.,    Tolmston    Professor    of    Bio- 
chemistry, rniversity  of  Liver})ool  :  President  of  the  Society. 

The  observations  recorded  in  tiiis  address  were  chiefly  conducted  upon 
organisms  taken  by  means  of  a  fine  silk  tow-net  in  Port  Erin  Bay  during 
the  spring  and  summer  of  1908.^  In  addition  certain  observations  are 
a(hled  upon  the  reaction  to  liglit  of  young  larvae  of  the  phiice 
{Plcuroncctcs  jjhitessa)  taken  from  the  Hatchery  of  the  Station. 

The  experiments  on  the  action  of  light  were  made  in  April,  and  the 
attempt  in  September  to  investigate  the  action  of  light  upon  the  phos- 
phorescent organisms  then  present  in  the  l^ay,  based  on  the  supposition 
that  organisms  which  tliemselves  emitted  light  might  possibly  show 
interesting  variations  in  reaction  to  incident  light  from  without,  led  to 
the  accidental  discovery  of  the  diurnal  periodicity  in  the  phosphorescence 
of  these  organisms,  which  furnishes  the  subject  of  the  second  section  of 
this  address. 

The  two  sets  of  experiments  on  the  variations  in  relation  to  light, 
and  upon  the  diurnal  periodicity  in  pliosphorescence,  are  really  distinct, 
and  will  be  described  in  two  separate  sections. 

A.— Variations  in  the  Reactions  of  Organisms  (Chiefly  Nauplii  of 
Balanus)  to  Daylight  and  Aetifictal  Light 

Since  the  very  existence  of  all  living  organisms,  either  directly  or 
indirectly  is  dependent  upon  the  energy  of  light,  and  the  transformation 
of  this  into  other  types  of  energy,  it  is  not  surprising  that  reactions  to 
light    are    amongst    the    most    fundamental    and    most    widely    spread 

1.  All  the  tow-nettings  used  in  Section  B  wore  taken  in  Port  Erin  Bay  and  were  surface 
tow-nettings,  some  of  those  used  in  Section  A  were  idndl}'  taken  for  me  outside  the  Bay  bv 
Prof.  Herdman.  . 
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tliroughout  the  whole  worhl  of  organized  living  creatures.  Such 
reactions  must. have  been  developed  in  the  very  beginning  of  the  dawn 
of  life  when  the  first  living  cells  commenced  to  synthesize  organic  products 
from  the  inorganic  materials  of  their  environment  by  the  iise  of  the  store 
of  energy  from  the  sunlight.  Later  on  organisms  arose  which  were  only 
dependent  upon  the  light  at  second-hand,  since  they  were  able  to 
consume  the  synthesized  organic  products  formed  by  other  organisms 
converting  the  light  energy  directly,  and  so  were  only  indirectly 
dependent  upon  the  light  for  their  existence.  Even  for  this  tj'pe  of 
organism,  utilizing  the  light  energy  indirectly,  reactions  to  light 
remained  essential  in  the  search  for  food  and  for  other  physiological 
functions,  and  also  there  would  be  an  inheritance  of  relationships  to 
light  derived  from  the  earlier  ancestry  witli  direct  dependence  upon  light. 

At  a  later  stage  structures  or  organs  arose  specially  adapted  for 
light  reactions,  and  in  those  living  creatures  possessing  such  organs  there 
probably  came  a  deterioration  (jf  the  sensitiveness  to  light  of  the 
remaining  cells  of  the  body.  Jiut  in  spite  of  all  such  decline  in  direct 
sensitiveness  to  light,  there  must  have  remained  some  trace  of  their  old 
primeval  relationships  to  light. 

Experimental  evidence  of  this  persistence  of  relationship  to  light  of 
all  cells  exists  of  two  kinds ;  there  is  first  the  deleterious  effects  of 
complete  withdrawal  of  light  for  prolonged  periods,  and  the  necessity  of 
sunlight  for  healthy  existence;  and,  secondly,  there  is  the  direct  evidence 
of  the  effects  of  application  of  strong  light  to  animal  cells  seen  in  tlic 
Finsen  effects,  and  in  other  forms  of  I'adiant  energy  allied  to  light. 

It  is,  however,  in  the  more  lowly  organized  ty])es  of  both  animal  and 
vegetable  organisms  that  the  strongest  and  most  direct  reactions  to  light 
are  observable — apart  from  tin'  ])aiticnlar  case  of  the  icaction  of  chemical 
synthesis  in  tlie  chlorophyll-coiitaiiiiiif,'-  cells  of  (he  green  ])aits  of  the 
higher  plants. 

Examples  of  this  reactivity  are  seei)  in  the  (>fVecls  of  sniili^-lit  upon 
neaidy  all  types  of  bacteria  ;  in  the  sudden  outburst  of  V(>geta1)le  life  in 
the  form  of  diatoms  in  the  spring  of  each  year  as  the  length  of  the  day 
increases  and  the  more  vertienl  light  reaches  and  penetrates  the  water 
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before  there  is  much  increase  in  the  temperature  of  the  sea — an  outburst 
upon  which  the  whole  life  of  the  sea  is  as  thoroughly  dependent  as  that 
of  the  terrestrial  world  is  upon  the  similar  outburst  of  activity  in  land 
plants;  and  in  the  most  marked  movements  which  occur  towards  or  from 
the  light  according  to  varying  circumstances  of  the  minute  organisms, 
either  larval  or  adult,  which  chiefly  constitute  the  plankton  or  floating 
life  of  the  ocean. 

It  is  hence  clear  that  the  observation  of  the  reactions  of  livinar  cells 
to  light  is  of  importance  both  to  the  student  of  biology,  and  to  the  student 
of  medicine  who  makes  practical  applications  of  the  discoveries  of  biology, 
using  the  term  in  its  widest  sense. 

Recent  discoveries  have  proven  the  value  of  light  treatment  as  a 
practical  adjunct  of  medicine,  and  the  study  of  light  effects  upon  the 
simpler  organisms  must  sooner  or  later  yield  a  key,  both  for  the  rational 
understanding  of  such  effects,  and  their  extension  to  further  utility.  In 
addition  to  these  utilitarian  advantages,  the  study  is  one  of  the  most 
fascinating  from  its  own  intrinsic  interest  in  the  whole  wide  field  of 
biology. 

One  of  the  most  obvious  lines  of  attack  in  investigating  the  reactions 
of  living  organisms  to  light  is  the  study  of  the  movements  of  the 
organisms,  either  as  a  whole  in  the  case  of  freely  moving  organisms,  or 
the  change  in  relative  position,  or  orientation,  in  fixed  or  sessile 
organisms. 

It  7nust,  however,  be  clearly  borne  in  mind  that  this  movement  is  an 
index  of  other  things,  that  the  underlying  problem  is  ultimately  and 
essentially  a  chemical  one,  or,  better  expressed,  one  of  chemical 
transformation  of  light  energy. ^  The  organisms  move  because  of  an  action 
of  light  upon  chemical  constituents  in  the  cells,  that  is  to  say,  there  is  a 
change  in  the  metabolism  of  the  cell  stimulated,  giving  rise  to  the 
movement  of  the  organism.  Also,  according  to  the  nature  and  condition 
of  both  cell  and  light-stimulus,  which  form  the  two  inter-actirg  factors, 
the   character   and    sense   of   the   movement    of   the   organism   will   vary. 

1.     This  view  has  been  also  pat  foiward  by  Lreb,  Dynamics  cf  Living  Mniter,  1906,  pp,  112 
et  seq. 
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Thus,  we  shall  see  that  with  the  same  condition  and  previous  treatment 
of  the  organism,  the  reaction  varies  and  becomes  positive  or  negative 
with  varying  intensities  of  the  light-stimulus,  and,  secondly,  with  the 
same  constant  intensity  of  light-stimulus,  the  reaction  varies  when  the 
previous  history  and  condition  of  the  reacting  organism  have  been 
artificially  varied.  That  is  to  say,  the  light  induces  chemical  alterations 
in  the  cell,  and  the  nature  and  amount  of  the  chemical  changes  vary  with 
the  two  factors,  the  condition  of  the  cell  at  the  time,  and  the  intensity  of 
the  incident  light. 

It  has  been  clearly  pointed  out  by  Loeb  that  the  orientations  or 
tropisms  of  sessile  organisms,  and  the  movements  of  free  organisms 
towards  or  away  from  light,  are  essentially  the  same  in  character,  the  free 
ors-anism  being  first  orientated  and  tluMi,  bv  the  action  of  its  locomotor 
organs,  carried  in  eillier  direction  according  to  the  sense  of  the  previous 
orientation. 

This  is  a  fundamental  observation  which  to  a  certain  extent  unifies 
the  problem,  but  there  still  remain  the  questions  of  why  the  light  induces 
orientation,  the  conditions  under  which  orientation  varies  with  the 
condition  of  the  organism  and  the  strength  of  stimulation,  and  also  the 
remarkable  fact  that  in  higher  organisms  at  any  rate  there  is  developed 
what  might  be  described  as  resistance  to  orientation,  so  that  the  organisms 
accumulate  either  at  the  pi'oximal  or  disj;il  point  to  the  light  and  yet  lie 
in  all  possible  planes  of  oi-ientation,  and,  furl  hci,  that  they  nM)ve  abont 
within  a  certain  zone  in  all  ])ossil)lc  diicctions. 

It  is  in  fact  self-evident,  and  may  be  taken  as  axiomatic,  that  there 
must  liave  been  a  certain  degree  of  oiieiitat  ion,  oi'  sleeiinii',  or  the 
organisms  would  never  have  been  abh'  lo  move  either  to  oi-  from  the  light. 
lint  this,  it  is  to  l)e  ol)serve(l,  is  (piile  dillerent  from  the  oiL;anism  Ix'ing 
turned  round  when  (he  muNcmenl  liisl  Ix'^ins.  Ix'in^'  delinitely  hehl  thiM'e 
by  the  influence  of  (he  li^'hl  in  a  hxed  phine,  and  then  as  a  lesult  moving 
toAvards  or  away  from  (he  li^lit. 

Tlie  experiment  s.  lo  be  i(M(ii(h'd  hiter  show  (dearly  (hat  (lieic  is  no 
such  fixed  ();•  rijrid  orientation  keeping  Ihe  or<,''anism<  in  a  constani  plane, 
but   ratlier  a   continually   dirc<((M|    cuntrol    brin^inn'    the    orj^'anism    ]y,\tk 
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more  or  less  towards  the  same  direction  as  it  darts  about  under  other 
varying  influences  and  stimuli,  and  this  on  the  whole  gives  steering  to  the 
course,  so  that  the  animal  as  a  net  result  moves  towards  or  away  from 
the  light. 

Taking  this  movement  then  as  a  sign  of  chemical  change  in  the  cells 
of  the  organism,  or  certain  of  those  cells,  the  effects  were  observed — of 
exposure  of  organisms  to  light  of  varying  intensities,  of  change  in 
reaction  as  a  result  of  keeping  in  light  of  about  constant  intensity,  of 
velocity  of  movement  in  light  of  varying  intensity,  of  the  effect  of  light 
of  different  colours,  and  of  velocity  of  movement  in  such  lights,  of  the 
effects  of  converging  and  diverging  light,  of  tlie  effects  of  light  and  shade 
on  organisms  in  the  same  vessel,  on  the  association  of  upward  or  down- 
ward movements  in  level  with  positive  or  negative  phototaxis,  and  on 
movement  in  presence  of  more  than  one  source  of  light. 

A  very  considerable  literature  exists  dealing  with  heliotropism  and 
phototaxis,  but  no  attempt  need  be  made  to  quote  from  this,  further  than 
relates  to  the  organisms  used  for  the  research,  or  in  incidental  relationship 
to  the  variations  in  reaction  io  liglit  described  in  the  present  experiments.^ 
The  experiments  were  made  witli  a  free-swimming  larval  stage  of  the 
Barnacle  (Nauplii  of  Balanus),  obtained  in  by  far  the  largest  quantity'  in 
the  tow-nettings,  mixed  Avith  a  much  smaller  number  of  copepods,  and 
larval  spirochaetes. 

The  manner  in  which  the  organisms  congregate  at  the  points  of  the 
dish  nearest  to  and  farthest  from  the  light  was  used  to  pipette  them  off 
and  separate  them  from  other  organisms  indifferent  to  the  light,  and  the 
positive  and  negative  groups  of  organisms  so  obtained  were  examined 
separately.  Many  of  the  Xauplii  were  found  in  both  the  positive  and 
negative  groups,  but  no  difference  in  average  size  or  degree  of  development 
could  be  found  in  the  two  types  to  differentiate  them,  and  later  experiment 
showed  that  the  same  separated  group  might  be  artificially  varied  back- 
ward and  forward  between  positive  and  negative  according  to  their 
previous  treatment  by  light. 

1.  For  a  general  survey  and  for  literature,  reference  may  he  made  to  Verworn,  General 
Physiology,  translation  by  Lee,  189'J  ;  Holt  &  'Lee,  American  Journal  of  PJiysiology,  Yo\.  lY. 
p.  460, 1901  ;  and  Loeb,  Dynamics  of  Living  Matter,  1906. 
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The  pkototaxis  of  the  Nauplius  of  Bakiuus  has  been  examined  by 
Loeb,  and  Loeb  and  Groom,  and  Loeb^  states  that  they  are  positively 
heliotropic  upon  leaving  the  egg,  but  soon  become  negatively  lieliotropic. 
This  I  consider  is  entirely  due  to  over-stimulation  by  the  light,  for  on 
keeping  fur  some  time  in  darkness  the  negative  organisms  become  .sUongly 
positive  to  the  same  intensity  of  light  in  which  the}-  were  previously 
negative,  and  in  which  part  of  them  left  during  the  same  interval  have 
continued  negative.  The  statement  of  Loeb  and  Groom  that  they  remain 
positive  in  artihcial  light  (gas  Hame)  is  conkrmed  by  the  results  of  my 
experiments,  but  holds  tip  to  a  certain  intensity  of  illumination  only, 
for  if  the  light  of  a  small  lamp  was  converged  by  means  of  a  cylindrical 
museum  jar  in  wliick  tke  organisms  were  contained,  tke  organisms  in  tke 
strongly  illuminated  area  gradually  became  negative  and  passed  into  tke 
shaded  parts  or  to  the  distal  pole. 

In  later  experiments  made  at  Berkeley,  U.S.A.,  Loeb  found  tkat 
Xauplii  tkere  bekaved  differently  from  tkose  examined  in  kis  earlier 
exj^eriments  made  at  Naples,  and  skowed  more  complicated  reactions. 

Working  witk  tke  larvae  of  Polygordius,  and  witk  tkose  of  Limultis, 
Loeb  noticed  a  phenomenon  wliick  was  also  conspicuous  tkrongkout  tke 
present  series  of  experiments,  namely,  that  tke  positively  pkototactic 
organisms  gatkered  in  a  group  towards  tke  top  of  tke  vessel,  wkile  tke 
negative  organisms  at  tke  same  time  as  tkey  gatkered  away  from  tke  ligkt 
congregated  at  tke  lower  part  of  tke  vessel  near  tke  bottom. 

Tkis  I  kave  also  invariably  observed  wken  a  tow-netting  is  brougkt 
into  tke  Station  and  placed  in  tke  dift'use  ligkt  of  a  window  in  a  glass  jar. 
Tke  positive  organisms  are  in  a  compact  group  nearest  to  tke  window,  and 
almost  at  tke  surface  of  tke  water ;  wkile  tke  negative  ones  are  at  tke  most 
distal  point  of  tke  jar  from  tke  window  and  down  near,  or  on,  tke  bottom. 
Tke  same  arrangement  k(dds  even  in  a  shallow  dish,  well  illuminated 
throughout  its  depth,  the  positive  organisms  are  up  close  to  the  surface, 
and  the  negative  ones  on  the  bottom  of  the  dish.  The  arrangement 
continues  when  the  organisms  are  lit  in  the  dark  room  by  a  candle  on  the 
same  level  as  the  water^still  the  positive  ones  are  near  the  surface  and 
tke  negative  ones  near  tke  bottom. 

1.      hoc.  Cit, 
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I  consider  tliat  the  most  probable  explanation  of  this  is  the  constant 
association,  in  the  natural  habitat  of  the  organisms  (the  sea),  of  swimming 
upwards  towards  the  light  when  positively  phototactic,  and  downwards 
towards  the  darker  regions  uf  water  when  negatively  phototactic. 

In  addition  to  the  interest  of  this  association  on  its  own  account,  it 
seems  to  me  to  be  valuable  as  a  sign  that  the  light  not  only  alfects  the 
sensitive  area  on  which  it  acts,  but  also  indirectly  affects  the  whole 
organism,  the  chemical  changes  set  up  at  the  sensitive  area  communicating 
changes  to  the  whole  organism,  which  stimulate  it  and  cause  it  to  rise  or 
sink  in  the  medium. 

Loeb,  working  with  Gammarus,  found  that  traces  of  acid  made  the 
organisms  more  strongly  positive,  and  traces  of  alkali  tended  to  produce  a 
negative  heliotropic  effect.  I  have  not  been  able  to  obtain  similar  results 
with  hydrochloric  acid,  or  caustic  soda,  in  Nauplius,  although  both 
reagents  were  pushed  to  tlie  limits  compatible  with  life,  viz.,  500  normal.^ 
The  organisms  in  the  dishes  to  which  either  acid  or  alkali  was  added 
seemed  to  behave  exactly  like  the  untreated  control.  I  do  not,  however, 
consider  this  any  contradiction  of  Loeb's  results,  since  the -organisms  used 
were  dift'erent.  Moreover,  Loeb's  results  are  such  as  would  be  expected 
from  the  knowledge  that  alkalies,  within  the  compatible  range,  excite  the 
activity  of  living  matter,  while  acids  depress  it.  For,  if  we  regard  the 
light  effect  as  producing  an  increased  chemical  activity,  then  the  optimum 
value  of  reaction,  at  which  the  change  would  occur  from  positive  to 
negative  as  the  intensity  of  the  illumination  was  increased,  might  be 
expected  to  be  reached  sooner  in  the  case  of  an  organism  already  made 
hyperactive  by  alkali  than  in  the  case  of  an  organism  where  the  activity 
was  depressed  by  added  acid. 

Throughout  the  whole  series  of  my  experiments  I  have  consistently 
found  that  the  phototaxis  is  positive  with  very  feeble  illumination,  and 
becomes  negative  as  the  strength  of  the  light  is  increased.  Further, 
continued  illuminr.tion,  either  by  diffuse  daylight  or  by  a  very  bright 
artificial    illumination,    causes    an    increasing    number    of    organisms    to 

1.     The  limit  of  acidity  or  allialinity  compatible  with  life  seems  to  have  nearhj  the  above 
value  for  all  unprotected  minute  organisms  of  either  vegetable  or  animal  origin. 
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become  negative,  and  keeping  in  darkness  or  in  a  feeble  illnmination 
causes  this  negativity  to  pass  back  to  a  positive  phototaxis. 

Tliis  again  is  compatible  with  the  view  that  the  eft'ect  oi  light  upon 
the  sensitive  substances  of  the  organism  is  always  the  same  whether  the 
eifect  is  shown  by  a  positive  or  negative  phototaxis.  The  degree  of  the 
stimulus  determines  the  reaction  of  the  organism  towards  it,  as  shown  by 
the  direction  of  the  orientation  aiid  consequent  movement,  but  the 
chemical  nature  of  the  stimulus  is  tlie  same.  Below  a  certain  optimum 
tJie  organism  reacts  so  that  the  sensitive  suiface  is  turned  towards  the 
light,  that  is  to  say  so  as  to  increase  tlie  amount  of  liglit  energy  reaching 
it,  and  so  iitrrcdsc  the  reaction  towards  its  optimum  vahu'  for  the  organism 
in  its  condition  at  the  giveii  moment.  Above  the  optinumi  value  of 
stimulation,  the  organism  conversely  reacts  so  as  to  turn  the  sensitive 
surface  into  a  region  of  diminished  light  intensity,  and  so  also  to  decrease 
the  velocit}''  of  the  reaction  towards  its  optimum  for  the  organism. 

This  supports  the  view  expressed  by  Holt  and  Lee,^  that  direction  of 
light  is  only  effective  in  a  secondary  manner  in  so  far  as  it  alters  intensity 
of  light  falling  upon  different  parts  of  tlie  organism,  and  the  orientation 
is  hence  primarily  a  question  of  intensity  of  light. 

Tlie  very  ingenious  exj)eriin(Mit  oP  Tjoeb,  showing  that  an  organism 
which  is  positively  phototactic  to  direct  sunlight  will  pass  from  this 
onward  into  diffuse  sunlight,  that  is,  iiilo  a  region  of  lower  intensity  of 
illumination,  and  will  not  reverse  its  direction  when  it  finds  itself  in  this 
region  of  lowei'  illumination,  is  (juite  susce])tibl<'  of  explanation  on  this 
view,  as  well  as  the  result  of  the  e\perim(Mits  given  bi>low  in  this  text, 
upon  the  mo\'enienl  of  negatively  phototactic  oiganisms  away  from  the 
source  of  ilhiniiinit  ion  in  converging  light,  and  still  onwaid  past  the  focus 
of  the  light  iii  now  diveiging  light  wilh  decrensing  intensity. 

Lf)eb"s  exj)eriment  consisted  in  placing  an  organism  (young  cater- 
pillars of  PoH/iesin  elirj/.toi'vlififfi)  in  ;i  te.sl-l\d)e  the  axis  of  wliich  was 
horizontitl  and  ;il  right  :iiigle>  to  the  [ihine  of  a  window  near  l)y,  through 
tlie  upper  part  of  Avhieh  direct  sunlight  fell  on  the  more  distal  portion  of 
the  test-tube,  while  the  portion  of  tube  near  the  window  was  lit  only  by 

1.    Loc.  cit. 
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(liftused  daylight.  [Jncler  such  conditions  these  animals,  which  react 
positively,  did  not  halt  at  the  junction  of  diffuse  light  and  direct  sunlight 
and  turn  again  backwards  to  the  stronger  light,  but  proceeded  on  in  the 
feebler  light  toward  the  incident  point  right  up  to  the  end  of  the  tube. 

From  this  experiment,  Loeb  argues  strongly  against  the  anthropo- 
morphic j)oint  of  view  which  would  assign  any  choice  to  the  animal  as  to 
whether  it  sought,  or  turned  from,  the  light  because  the  light  was  pleasant 
to  it  or  the  reverse,  and  urges  that  the  whole  process  is  mechanical  or 
autonialic,  tlie  animal's  liead  being  turned  by  the  stimulus  irresistibly 
towards  the  light,  and  the  whole  movement  following  inevitably  upon 
this  turning. 

Without  assuming  any  extravagantly  anthropomorphic  point  of  view, 
it  may  be  maintained  that  the  ingenious  experiment  scarcely  supjDorts  the 
interpretation  placed  upon  it,  and  that  the  whole  matter  depends  upon  the 
force  of  the  stimulus  outweighing  the  degree  of  development,  of  what 
represents  the  intelligence  of  the  animal,  or,  if  the  expression  is  more 
suitable,  the  development  of  the  nervous  system,  or,  in  more  general  terms 
still,  the  co-ordination  of  the  organism. 

When  the  animal's  body  or  tlie  sensitive  area  of  it  passes  from  the 
ai'ea  of  direct  siinlight  into  the  less  illuminated  area  of  diffuse  daylight, 
in  order  to  turn  back  into  the  brighter  area  of  sunlight,  the  sensitive 
surface  Avould  require  for  a  time  to  be  turned  away  from  even  the  diffuse 
light  into  a  region  of  shadow  from  its  own  body,  that  is  to  say,  it  would 
require  for  the  time  to  behave  as  a  negatively  j)hototactic  animal,  and 
reduce  the  intensity^  of  illumination  of  the  sensitive  area.  This  supposes 
a  degree  of  intelligence  and  of  memory  for  the  '  pleasanter  '  (or  more  near 
the  optimum)  stimulus  whicli  the  organism  does  not  possess,  and  hence  it 
does  not  turn ;  but  a  more  highly  organized  animal  would  turn,  and  once 
more  seek  the  stimulus  which  suited  the  organism  best. 

It  is  such  excess  of  stimulus  over  organization  which  makes  the  moth 
burn  itself  in  the  tlame  or  the  bird  da^li  itself  to  pieces  against  the 
lighthouse  lantern,  and  in  my  opinion  this  differs  in  degree  of  complexity 
only,  but  not  in  kind,  from  the  strength  of  the  irresistible  impulse  which 
forces  the  victim  of  any  drug  habit  to  keep  on  drugging  himself,  or  leads 
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the  unfortunate  liuman  being  witli  an  incoordinated  or  improperly- 
balanced  nervous  system  into  committing  crimes  against  himself  or  others. 
The  germs  of  resistance  to  stimuli,  or  rather  of  reacting  so  as  to  alter 
strength  of  stimuli,  must  be  present  in  all  living  creatures,  or  life  and 
continuance  of  the  species  would  speedily  become  impossible ;  and  it 
appears  to  me  that  denial  of  this  would  be  lunirly  as  great  an  error  as  the 
view  which  appears  to  be  held  by  some  opponents  of  the  advance  of 
physiological  science,  that  all  organisms  and  animals  are  about  equally 
sentient  to  stimulation  and  to  pain. 

The  experiments  conducted  with  organisms  under  different  coloured 
glasses,  described  below,  in  which  the  relati(mshi])  of  the  two  lialves  of  the 
dish  to  the  direction  of  the  incident  light  was  identical,  also  show,  from 
the  selection  of  one-half  of  the  dish  by  the  organisms  in  preference  to  the 
other,  that  the  organisms  seek  that  region  where  the  light  activity 
possesses  an  optimum  for  them  although  tliere  is  nothing  in  the  incident 
direction  of  light  to  lead  them  to  swim  under  one  particular  glass  as  a 
result  of  orientation. 

The  same  is  seen  in  the  experiments  of  Oltinann'  and  of  Holt  and  Lee, 
in  which  a  range  of  varying  intensity  of  light  was  arranged  by  means  of  a 
prism  placed  along  the  long  side  of  a  long  glass  trough  containing 
organisms.  The  incident  light  came  in  varying  intensit}-  perpendicu- 
larly through  the  prism,  and  the  organisms  were  then  found  to  place 
themselves  in  certain  intermediate  positions  where  the  intensity  of  light 
suited  their  optimum,  although  they  had  to  move  to  this  position 
practically  at  right  angles  to  the  direction  of  incidence  of  the  light. 

Experiments  were  made  in  the  present  series  of  observations  u])()n  the 
velocity  with  which  the  organisms  moved  in  light  of  varying  intensity, 
and  also  under  glasses  of  varying  colour,  and  it  was  found  that  within 
the  limits  of  the  experiment,  the  velocity  of  movement  was  practically 
constant,  thus  showing  that  the  chemical  reactions  set  up  by  the  light  did 
not  affect  the  locomotor  organs. 
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Description  or  Experiments 

Ed- peri  III  cut  I. — A  tow-netting  was  taken  in  Port  Erin  Bay,  April 
L^st,  12 — 1  p.m.  After  stirring  up  in  sea-water,  it  was  divided  into 
tiv^e  portions  of  -300  c.c.  each,  wliicli  were  placed  in  white  soup  2)lates  and 
treated  as  follows:  — 

No.  1. — Control,  untreated. 

.  N  .  N 

No.  2. — Added  3  c.c.  of  -.7.  HCl,   making  Tnof)  '^^^I'^i^io^- 

N       .  .         N 

No.  3. — Added  G  c.c.  of  yq  HCl,  making   Vqq  solution. 

N  .  N  . 

No.  4. — Added  Ij  c.c.  of  tTv  NaOH,  making  Iqqq  solution. 

N  .        N       ■     . 

No.  5. — Added  6  c.c.  of  jj.  NaOH,  making  ^qq  solution. 

The  dishes  were  left  in  the  diffuse  daylight  of  a  north  window,  and 
(examined  after  two  hours  {'■)  p.m.),  the  arrangement  of  the  organisms  is 
found  to  be  the  same  in  all  five  plates,  showing  no  change  due  to  acid  or 
alkali,  and  this  persisted  throughout  the  experiment. 

In  each  of  the  dishes  there  are  two  prominent  groups  of  organisms, 
a  larger  group  at  the  part  nearest  the  window  and  close  to  the  surface  of 
the  water,  a  smaller,  but  well-marked  group  at  the  diametrical  pole 
farthest  from  the  window  and  at  the  bottom  of  the  plate. 

On  shading,  for  a  few  minutes,  half  of  one  dish  with  a  cardboard, 
the  line  of  shade  of  edge  of  cardboard  being  at  right  angles  to  the  plane  of 
the  window,  in  the  illuminated  half  of  the  plate  there  is  a  thick  group  at 
the  nearest  point  to  the  window ;  in  the  darkened  semicircle,  immediately 
on  lifting  the  card,  a  smaller  group  is  seen  at  the  point  distal  to  the  light, 
and  also  there  is  a  diffusely  scattered  but  increased  number  over  all  this 
previously  dark  half,  much  greater  than  in  corresponding  areas  of  the 
illuminated  half. 

1.    Quoted  by  Holt  &  Lee,  loc  cit. 
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Examined  again  at  night  (8 — 9  }).ni.)  Ly  lamp-lig-lit  when  nearly  all 
the  organisms  in  the  plates  come  to  the  point  nearest  the  light.  Shading 
as  before  Avith  shadow  parallel  to  direction  of  incidence,  gives  a  compact 
group  in  the  illuniiiiated  half  near  the  light,  hut  a  great  many  are  in  the 
darkened  half  which  possesses  a  diffuse  group  at  farthest  point  from  light. 

Examined  again  April  2-Jrd,  noon  (about  forty-eight  hours  from 
commencement  of  experiment).  Took  ihe  control  plate  of  organisms  into  a 
south  room  having  direct  strong  sunlight  from  an  ()j)en  window.  The 
organisms  after  a  time  collect  very  slightly  to  sun  side,  but  in  the  quite 
open  unshaded  plate  are  fairly  inditterent,  being  distributed  ;tll  over.^ 
Xow  one-half  of  the  dish  was  shaded  by  cardboard,  the  line  of  shade,  as  on 
previous  occasions,  being  arranged  paraUcl  to  inciihMice  of  the  light;  at 
once  all  the  organisms  came  out  into  the  sunlit  half,  soniewhal  more  at  the 
point  nearest  to  the  sun.  On  reducing  ihc  sunlit  ])art  (o  a  very  snmll 
space,  it  became  ciowded  with  oiganisms  accumiihil  ing  more  densely  at 
the  jKjint  nearest  to  sun.  Tliis  (•onij)a(t  giou])  of  oiganisms  was  pipetted 
off  from  the  ivhlic  [date  into  a  lihtdc  vuhanite  lian-[)late  photographic 
developing  dish,  containijig  sea-waler,  wlieii  I  he  oiganisms,  at  once  almost, 
accumulate  at  the  part  of  the  dish  faif/us/  from  tlie  sun.  'I'he  lialf  of  the 
black  dish  farthest  from  the  sun,  after  stirring  u|),  was  covered  over 
(that  is,  with  the  line  of  shade  at  right  angles  to  plane  of  incidencej,  and 
the  organisms  all  collect,  at  remotest  end  of  shaded  part,  away  from  sun. 

This  peculiar  reversal  in  tlie  blacl;  dish  is  dilhcult  to  explain,  unless 
it  was  due  to  the  absence  of  refiectio]i.  The  result  could  not  be  re})eated 
in  other  experiments  because  the  organisms  were  never  again  found 
indifferent  in  sunlight,  but  always  strongly  negative,  even  in  the  wjiite 
plates. 

The  organisms  in  this  experiment  were  observed  for  four  days  longer; 
at  the  end  of  the  third  day  they  had  become  very  strongly  negative  in  the 
diffuse  da\liglit  (A'  tlie  north  window,  a  reversion,  if  will  l)e  observed,  from 
their  origiiuil  mixed  condition  with  a  large  ])repon(lerance  of  positive 
organisms.  While  in  this  strongly  negative  condition  they  were  taken 
into  the  dark  room  and  tested  with  ]amj)light  from  a  small  oil  lamp.      At 

1.    This  is  a  very  exceptional  behaviour  in  sunlight. 
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once  there  was  a  change ;  three  of  the  five,  viz.,  Nos.  3,  4,  and  5,  were  now 
altered  to  positive,  while  Xos.  1  and  2  were  mixed,  partially  positive  and 
partially  negative. 

The  plates  were  left  in  the  dark  room  over-night,  the  only  trace  of 
illumination  being  a  very  faint  ruby  light,  coming  from  a  small  borrowed 
light  through  the  double  thickness  of  a  ruby  window  and  ruby  photo- 
graphic screen. 

The  following  morning,  as  soon  as  a  light  was  struck  in  the  dark- 
room, it  was  seen  that  all  the  organisms  in  all  the  plates  were  collected 
at  the  points  nearest  to  the  faint  ruby  light. 

The  small  oil  lamp  was  lit  and  the  plates  arranged  round  it ;  all  five 
showed  the  organisms  strongh^  jjositive.  Taken  out  immediately  from  the 
lamplight  to  the  diffuse  daylight  of  the  north  window  again,  the  organisms 
in  all  five  are  found  to  be  strongly  negative.  Xo  interval  save  the  time 
of  shifting  the  plates  out  from  dark  room  to  window  bench  elapsed 
between  these  two  observations  with  reversed  results. 

Exjjeriment  II. — Tow-netting  taken  by  Professor  Herdman,  on  April 
2'jrd  outside  the  Bay.  On  standing  in  diffuse  daylight  of  north  window, 
two  large  groups  separate  in  the  glass  jar;  as  usual,  one  towards  light 
and  at  top,  the  other  away  from  light  and  at  bottom  of  jar.  These  two 
groups  were  separated  off  by  pipetting  into  two  soup  plates,  one  containing 
the  positive  group,  the  other  the  negative  group,  and  both  were  found  to 
consist  chiefly  of  Nauplii  of  Balanus. 

The  negative  group  was  taken  first  for  examination  in  the  dark  room. 
On  lighting  one  candle  the  organisms  swim  to  the  opposite  pole ;  on 
placing  two  candles  at  opposite  diameters  of  the  plate,  the  organisms  lie 
in  the  middle,  half-way  between  the  two  lights ;  with  four  candles  placed 
around  equi-distant,  the  organisms  ars  clustered  compactly  at  the  centre 
of  the  plate.  The  positive  organisms  similarly  examined  show  a  grouping 
around  the  periphery  of  the  plate  accentuated  opposite  each  candle. 

The  organisms  were  left  in  the  dark  room  overnight  and  examined 
in  it  next  morning.  On  first  striking  a  light,  Loth  sets  of  organisms  were 
seen  chistered  at  nearest  point  of  eacli  plate  to  the  exceedingly  faint  ruby 
light.       One  candle  was  lit  and  placed  close  to  the  plate  containing  the 
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previously  negative  organisms,  these  are  now  nearly  all  j^ositive  to  this 
intensity  of  light.  ]\ext  morning  (11  a.m.)  both  sets  of  organisms,  which 
had  remained  in  the  dark  room  overnight,  when  tested  by  candle  light 
were  strongly  positive.  They  were  at  once  taken  out  of  the  dark-room 
and  placed  on  the  window  bench  in  the  north  room  in  fairly  strong  ditt'use 
daylight  (it  had  been  snowing,  and  the  hill  across  the  Bay  from  the 
Station  was  covered  with  snow).  All  the  organisms  in  the  originally 
negative  plate  were  now  negative  again  ;  those  in  the  originally  positive 
plate  were  mixed  about  tiiree-fourths  negative  and  the  remainder  positive. 

The  t■\^  t)  j)lates  were  once  more  carried  back  to  the  dark  room  and 
tested  to  candle  light.  The  originally  negative  plate,  wliich  a  few 
minutes  before  had  been  completely  pf)sitive  in  the  daik  room  to  candle 
light,  had  now,  on  account  of  its  short  sojourn  in  the  diffuse  dayliglit, 
turned  to  partially  negative  and  partially  positive  in  about  e(jual  gro\ips. 
The  originally  positive  group  was  still  all  positive  to  the  caiuUe  light, 
although  a  few  minutes  previously  in  the  diifuse  light  of  the  window 
about  three-fourths  of  the  organisms  liad  been  positive. 

Three  points  are  shown  clearly  in  this  experiment. 

First,  that  the  reaction  varies  in  the  same  organism  at  the  same  time 
with  the  intensity  of  the  light,  and  that  feeble  illumination  gives  a 
positive  reaction  and  strong  illuminatioii  a  negative  one. 

Secondly,  with  the  same  intensity  of  illumination  the  reaction  varies 
with  the  previous  history  and  exposure  to  light  of  the  organism. 
Exposure  to  darkness  or  feeble  illumination  turns  the  organism  so  that  it 
reacts  positively,  and  j)revious  bright  illuminat  ion  changes  it  so  that  it 
reacts  negatively  t(j  a  strengtli  of  stimulus  to  wliich  it  befoic  act(Ml 
positively. 

Thirdly,  throughout  these  series  of  changes  (he  origiiial  bias  of  the 
])aj'ticular  set  of  organisms  persists,  the  oth(>r  ehecls  being  supei'])ose(l  in 
a  rouglily  algebraic  summation.  Thus  the  oiiginal  trends  towards  ])ositive 
and  negative  in  the  two  sets  of  organisms  dawn  out  again  at  the  end  of 
the  experiment. 

Experiment  III. — On  rdixity  of  niovemrnt  in  fig/it  of  varying  intensity 
and  colour. 
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This  experiment  on  the  velocity  of  movement  in  light  of  different 
intensity  and  of  different  colour,  was  made  by  observing  the  time  required 
for  tlie  organisms  to  swim  from  one  end  to  the  other  of  a  flat,  black 
vulcanite  dish  of  rectangular  shape.  The  length  of  the  dish  was  17  cm., 
and  the  organisms  were  first  brought  to  a  compact  mass  at  one  side  by 
placing  the  light  to  be  used  at  one  end  and  then  the  time  noted  for  them 
to  swim  across  and  form  a  similar  compact  mass  at  the  other  end  when  the 
source  of  light  was  shifted  to  that  end. 

Then  the  time  was  again  noted  which  they  require  to  swim  back  to 
their  original  position  ;  these  times  are  denoted  hj  '  Out  '  and  '  Back  '  m 
the  following  table.  In  taking  the  time  '  out  '  one  does  not  wait  for  every 
organism,  but  waits  till  the  great  majority  are  in  a  compact  group,  this, 
after  a  little  practice  can  be  done  accurately  within  a  quarter  of  a  minute 
or  less. 

For  different  intensities  of  light,  one  ordinary  paraffin  wax  candle 
was  used  in  one  case,  and  four  similar  candles  in  the  other  case.  For 
white  light,  the  dish  was  simply  uncovered,  and  for  coloured  lights  it  was 
covered  completely  over  with  slips  of  coloured  glass,  through  which  the 
coloured  light  passed  to  reach  the  organisms.  The  coloured  glasses 
which  it  was  possible  to  obtain  were  red,  green  and  blue.  Eegarding  the 
total  intensity  of  light  passing  through  the  three  slips,  it  ajDpeared  to  the 
eye  as  if  the  red  strip  was  most  obscure,  and  the  green  most  transparent, 
the  blue  being  intermediate,  but  no  exact  photometric  instrument  was 
available.  The  organisms  used  were  a  strongly  positive  group  obtained  by 
pipetting  off  in  diff'use  daylight. 

1.  Illumination  intensity  =  one  candle. 

Ked  light     ...   Time  *  Out  '     ...   -3  min.  0  sees. 

Time  'Back'  ...   -j  min.  0  sees. 
Blue  light    ...   Time  'Out'      ...   3  min.  80  sees. 

Time  '  Back  '  ...   o  min.  20  sees. 
Green  light ...   Time  'Out'      ...   3  min.  40  sees. 

Time  'Back'  ...   3  min.  0  sees. 

2.  Illumination  intensity  =  4  candles. 

White  light. . .   Time  '  Out  '     ...   3  min.  0  sees. 

Time  '  Back  '  . . .  2  min.  50  sees. 
Red  light       . .   Time  '  Out '      ...   3  min.  0  sees. 

Time  'Back'  ...  3  min.  0  sees, 
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Experiment  IV. — Selection  of  jwsition  'tinder  different  coloured  glasses 
with  the  same  direction  of  incidence. 

In  this  experiment,  difi'nse  daylight  was  used  on  some  occasions  and 
candlelight  on  others,  the  long  side  of  the  dish  being  placed  parallel  to  the 
surface  of  the  window,  or  next  to  the  candles.  Then  the  two  glasses  of  the 
two  diiferent  colours  to  be  compared  were  placed  edge  to  edge,  each  covering 
one-half  of  the  dish,  the  edge  where  the  two  slips  of  glass  touched  being  at 
right  angles  to  plane  of  window,  so  that  each  half  was  situated  exactly  the 
same  as  to  direction  of  incidence  and  intensity  of  light  from  the  wiiulow  ; 
and  a  similar  arrangement  was  used  with  the  candlelight,  the  candles 
being  so  placed  opposite  tlie  middle  of  one  of  the  long  sides  of  the  dish  that 
they  shed  equal  light  on  the  two  different  coloured  halves.  Before  placing 
the  two  slips  over  the  dish,  the  contents  were  stirred  so  as  to  uniformly 
distribute  the  organisms,  but  care  was  taken  that  the  contents  were  not 
rotating  when  the  slips  were  put  over.  Also,  after  the  organisms  had 
distributed  themselves  selectively,  and  the  result  had  been  noted,  the  two 
slips  were  reversed  in  position,  each  to  eacli,  and  the  change  in  distribution 
observed;  the  organisms  at  the  time  were  strongly  positive  in  the  candle- 
light, and  strongly  negative  in  the  diifuse  daylight. 

First,  using  four  candles  in  the  dark  room,  and  with  the  red  glass  on 
the  left-liand  half  and  tlie  blue  glass  on  the  right-hand  half,  in  2  min. 
80  sees,  from  the  commencement  all  the  organisms  are  under  the  blue 
glass  and  next  the  candles,  none  \inder  the  red  glass.  The  red  and  blue 
glasses  are  now  reversed  Avithoul  disturbing  candles  or  orga)iisms,  and  in  a 
very  shf)rt  iime  all  the  organisms  hav(^  shifted  and  are  once  more  under 
the  blue  glass  in  its  new  situation. 

Second,  similar  results  obtained  with  ditVuse  daylight,  except  that 
organisms  now  swim  from  the  light;  with  l)lue  and  red  most  of  the 
organisms  under  blue,  a  few  only  under  red;  with  blue  and  green,  two 
groups  form  at  the  two  corners  distal  to  the  light,  the  larger  of  tlie  two 
groups  being  under  the  green.  Thus  the  organisms  move  with  equal 
velocity  under  all  coloured  glasses,  but  Avhen  two  colours  aie  offered  for 
selection  tliey  accumulate  chiefly  under  one.  Further,  the  direct  ioji  of 
movement  to  pass  from  one  colour  to  another  is  across  the  direction  of 
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incidence,  and  not  to  or  from  the  liglit,  and  the  relation  to  the  light  of  the 
two  halves  being  the  same,  it  would  appear  that  a  preference  for  a 
particular  colour  or  wavelengtli  (or  tlie  greater  or  lesser  stimulus  of 
different  wavelengths),  caused  the  different  distribution.  If  the  organisms 
are  carefully  watched  when  they  are  becoming  distributed,  it  is  seen  that 
they  do  not  move  directly  across  from  one  half  to  the  other,  but  are  moving 
about  apparently  freely,  an  organism  every  now  and  then  leaving  a  group 
and  darting  off;  but  there  is  a  certain  amount  of  steering  and  controlling 
during  these  apparently  free  movements,  which  ultimately  settles  them 
down  in  their  final  distribution. 

In  this  type  of  experiment,  observation  of  the  grouped  animals  shows, 
as  in  all  the  other  experiments  where  the  animals  are  grouped  either 
positively  or  negatively  under  the  influence  of  the  light,  that  there  is  no 
such  thinsr  as  fixed  and  continuous  orientation  of  the  minute  animals.  In 
every  group  a  great  many  are  moving  about  in  and  out  amongst  one 
another,  and  a  good  many  are  entering  and  leaving  the  group  like  bees 
from  a  hive,  but  each  individual,  after  a  short  trip  about  soon  returns  to 
the  group.  The  source  of  light  is,  in  fact,  a  strong  directive  influence,  but 
there  is  no  rigidly  fixed  orientation,  any  more  than  there  is  in  a  cluster  of 
midges,  or  a  brood  of  chickens  around  their  mother. 

Experiment  V . — Movement  in  eoiiverging  and  in  diverging  light. 

In  order  to  obtain  converging  and  diverging  light,  cylindrical 
museum  jars,  about  10*5  centimetres  in  diameter  and  18  centimetres  high, 
were  used,  which  happened  to  be  in  stock  at  the  Station. 

Two  such  jars  were  used ;  the  first,  filled  with  clear  fresh  water,  was 
used  only  as  a  cylindrical  water  lens,  and  contained  none  of  the 
organisms;  the  second  jar  contained  the  organisms  in  sea-water.  The 
first  cylinder  was  placed  a  variable  short  distance,  up  to  about  one  foot, 
from  a  small  oil  lamp  with  a  circular  wick,  and  the  second  cylinder  was 
placed  close  up  against  it,  on  the  other  side  from  the  lamp.  The  lamp  and 
two  cylinders  were  so  arranged  that  the  diverging  light  from  the  lamp 
became  slightly  convergent  in  passing  througli  the  first  cylinder,  and  being 
still  further  convero-ed  bv  the  second  cvlinder,  it  formed  a  caustic  about 
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two-tliirds  to  tliree-fourtlis  of  the  way  t]irouo-]i  the  second  cylinder,  and 
from  tliat  onwanl  (o  tlic  concavo  surface  of  the  second  cylinder  the  lipfht 
was  divero-inp-. 

By  this  arrangement  any  organism  moving-  along  the  path  of  the  rays, 
either  towards  or  away  from  the  light,  is  forced  in  one  part  of  its  path  to 
travel  in  converging  light,  and  the  remaining  part  it  travels  in  diverging 
light.  Experiments  were  carried  out  both  with  white  light  and  with 
coloured  lights.  The  first  set  of  organisms  examined  were  negative;  these 
swam  away  from  the  light  into  light  of  inrrca.'iiiu/  intensity  towards  the 
caustic,  and  then  through  this  onward  in  light  of  decreasing  intensity  till 
thev  reached  the  glass  surface  most  remote  from  the  lio-ht.  Positive 
organisms  were  next  tried,  and  swam  in  the  exactly  reverse  direction,  first 
from  the  most  distal  part  towards  the  caustic  in  converging  light,  and 
therefore  of  increasing  intensity,  and  then  onward  in  diverging  light, 
therefore  of  deci-easing  intensity,  u])  to  the  glass  surface  nearest  to  the 
light. 

At  first  sight  it  looks  proven  from  tliis  tliat  iiit(Misity  of  light  is  of  no 
effect,  and  the  direction  of  incidence  the  whole  matter,  because  tlie 
organisms  appear  to  swim  in  one  direction  indifferently,  whether  the 
illumination  is  increasing  or  decreasing.  In  reality,  however,  such  a 
conclusion  would  be  fallacio\is,  for  in  order  tliat,  say,  a  i/osifirc  organism 
should  turn  when  it  began  to  swim  in  light  of  gradually  d ccrcd sin (j 
intensity,  it  would  be  necessary  for  it  to  turn  its  sentient  surface  away 
from  the  light,  and  that  would  jilunge  it  into  darkness. 

The  true  concliisio]i  is  shown  by  wlial  might  be  ItMincd  secondary 
effects  seen  on  cai'efnily  watching  the  al)ovo  cxpei'iment  with  negative 
oi'ganisms.  These  oi'ganisins  al  first  accumulate  in  tlw  naiKiw  band  of 
liffht  at  the  distal  o-lass  surface  front  ihc  li<>'ht,  where  Ihcv  dail  al)out  in 
small  curves,  keeping  close  to  the  glass;  l)nt  in  a  few  minutes  it  is  found 
that  a  great  nninv  of  tlicin  have  accumnlatcd  in  Ihc  iwd  shady  margins 
just  outside  this  strongl\-  il  I  uniin;itc(l  ])an(l,  and  on  cither  side  ot  i1.  The 
probable  ex])lanaiion  of  Ihis  is  thai  for  (hcsc  ncgati\-c  oiganisnis  the 
feebler  light  outside  the  band  is  nciirei'  llie  opiinial  -tiniulns,  ;ind  when 
lliey    esca])e     fiom     the     dircci     1ighl     beam     in     Ihc     course     of     their 
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peregfrinatioiis,  they  find  a  suitable  stimulus  in  tlie  feebler  lig'lit.  But 
when  anv  af-rident,  sueli  as  a  elianre  moveraent  stimulated  bv  some  other 
cause,  sends  them  again  into  the  beam,  they  are  stimulated  to  turn  away 
from  the  light,  and  must  again  return  via  the  distal  glass  surface  to  the 
refuge  of  the  shade  again. 

This  effect  is  seen  still  more  strikingly  when  the  red  glass  strip  is 
interposed  on  the  path  of  the  incident  light ;  then  scarceh^  a  single 
organism  is  seen  on  the  illuminated  strip,  but  two  packed  masses  are  seen 
on  each  side  of  it  in  the  shade,  and  gradually  tailing  off  as  the  distance 
from  the,  illuminated  strip  increases.  Similar  results  are  seen  with 
negative  organisms  if  a  narrow  opaque  white  strip,  such  as  a  strip  of 
cardboard,  be  lowered  into  the  jar  and  held  in  a  vertical  position  at  the 
caustic.  When  the  light  is  now  placed  in  position,  any  organisms  in  the 
course  of  the  beam,  or  swimming  into  it  from  the  two  dark  zones  at  either 
side  of  it,  turn  at  once  away  from  the  light,  and  swim  along  the  path  of 
the  rays  towards  the  caustic  and  the  card:  but  they  do  not  accumulate  to 
any  appreciable  extent  at  the  card,  they  swim  round  its  edges  and 
accumulate  in  the  narrow  feebly-lit  space  behind  it. 

Exferiment  VI. — With  young  larvae  of  the  'plaice  (Pleuronectes 
platessa). 

A  number  of  young  plaice  larvae,  which  were  five  to  seven  days  old, 
were  taken  from  the  Fish  Hatchery  attached  to  the  Station,  and  placed  in 
sea-water  in  a  flat,  oblong  pie-dish.  It  was  found  that  they  were  faintly 
negatively  phototactic  in  diffuse  daylight.  Contrary  to  the  case  of  the 
Nauplii,  this  appeared  to  be  increased  in  lamplight  as  well  as  in  direct 
simlight.  When  the  dish  is  brought  into  lamplight  in  the  dark  room,  it 
is  found  that  most  of  the  larvae  after  some  time  are  accumulated  in  the 
half  of  the  dish  farthest  from  the  lamp,  decreasing  to  a  clear  space  directly 
under  the  lamp.  There  is,  however,  no  such  tight  packing  up  as  in  the 
case  of  the  Nauplii. 

The  interesting  point,  however,  is  that  there  is  no  evidence  whatever 
of  orientation  in  regard  to  the  light ;  the  larvae  lie  at  rest  with  their 
long  axes  at  all  possible  angles  with  the  line  from  the  lamplight,  some 
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(liieetly  facing-  it,  jjome  straiglit  away  from  it,  otliers  nearly  at  right 
aiio-les.  and  many  indiscriminately  at  all  angles.  The  arrangement  is  not 
a  chance  one,  as  it  looks  at  first  sight,  for  no  matter  how  often  the  larvae 
are  disturbed  and  stirred  up,  they  finally  settle  with  the  great  majority  in 
the  distal  half,  and  Ivinpf  there  at  rest  at  all  anofles  to  the  direction  of 
incidence.  On  shading  one-half  of  the  dish  with  cardboard,  the  line  of 
shade  being  parallel  to  the  plane  of  incidence,  the  great  majority  of  the 
larvae  are  found  in  the  shaded  half,  more  in  the  distal  quadrant,  and  in 
all  lines  of  orientation.  If  cards  are  arranged  so  that  one  quadrant  of  the 
dish  only  is  illuminaled,  that  quadrant  beconu^s  abnost  free. 

J'Jo'perinieiif  T  //. — Indifference  of  iiJinsjihore.'^renf  orf/anist/is  to 
movement  in  light  from  leithout. 

It  was  thought  that  organisms  which  themselves  emitted  light  might 
show  interesting  results  in  their  reactions  to  light  from  without,  and  this 
led  to  the  work  of  Section  B  about  to  be  described  ;  but  it  was  found  that 
I1k>  phosphorescent  organisms  pi'csent,  probably  certain  co]Hq)oda,  were 
entirely  indifferent  to  incident  light,  at  any  rate  as  far  as  movement  was 
concerned. 

Since  the  organisms  could  not  be  made  to  ])hosp]ioresce  in  the  dark 
room  during  the  day,  the  procedure  was  ado])ted  of  taking  a  tow-netting 
(luring  the  day,  when  the  Bay  was  known,  by  observations  made  during  the 
[jrevious  night,  to  contain  abundance  of  ])hos|)ho]'escent  organisms.  This 
tow-netting  was  ])laccd  in  dilVusc  daylighl,  and  n(>arly  all  lh(>  positive 
organisms  were  jiipcllcd  otf  into  one  dish  (Mtnlaining  sea-water,  nearly  all 
the  negative  organisms  Avere  similarly  pi[)etted  into  a  separate  dish,  and 
finally,  a  good  number  of  iudift'erent  organisms  were  ])ipetted  ofF  into  a 
third  dish,  from  tlie  middle  of  the  bottom  of  the  slock  jar. 

The  three  sets  of  organisms  were  then  examined  for  pliosphorescence 
after  dark,  when  phos])lioresceuce  wlicre  oigani'<ms  were  present  had 
spontaneously  set  in  and  coidd  be  Fuiliici'  inlcnsitied  by  stii'ring.  It  was 
then  found  thai  the  positive  and  negative  ])Oitions  each  contained  only  one 
oi'  two  phosphoi'i^scenl  (Uranisms  taken  u|)  una voi(!a])ly  willi  the  others; 
but    the     indilTei'enf     <v\     c(nitaine(l    a     huge     nniulxM'    of    phosphoi'escent 
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organisms.  The  iiidifferent  set  containing  tlie  majority  of  the 
phosphorescent  organisms  were  also  practically  imlift'erent  to  candle-light. 
In  regard  to  numbers  of  organisms  in  each  set,  the  positive  set  were  by  far 
the  most  numerous,  and  the  numbers  in  the  indifferent  and  negative  sets 
were  about  equal. 

The  experiment  was  varied  in  a  fresh  tow-netting  by  placing  several 
iiat  pie-dishes  containing  the  organisms  (not  separated  off  on  this  occasion 
as  to  phototaxis)  around  the  lamp  in  the  photographic  room,  just  after 
nightfall,  until  the  usual  pliototactic  groups  had-  separated,  then 
extinguishing  the  lamp,  and  watching  the  spontaneous  appearance  of 
phosphorescence  without  disturbing  the  dishes.  There  is  no  spontaneous 
phosphorescence  for  a  period  of  aboiit  two  minutes  under  such 
circumstances,  then  it  commen(*es,  and  it  is  seen  that  the  phosphorescent 
organisms  are  scattered  about  indiscriminately  in  each  dish,  and  not 
arranged  in  any  relationship  to  where  the  light  had  previoiisly  been. 
vSometimes  the  jjhosphorescing  organisms  are  moving  about  rapidly  while 
illuminated,  but  in  the  majority  of  cases  they  are  almost  or  quite  at  rest, 
and  it  is  probable  that  if  there  had  been  any  previous  movement  of  a 
phototactic  character  while  the  lamp  was  lit,  the  arrangement  would  not 
have  quite  disappeared  in  the  short  interval  after  tlie  light  was 
extinguished  before  the  spontaneous  phospliorescence  reappeared. 

The  only  conclusion  from  the  experiments  appears  to  me  to  be  that 
these  particidar  phosphorescent  organisms  are  almost  or  quite  indifferent 
to  incident  light. 

B. — ^DiuENAL  Peiiiodicity  in  Phosphorescence 
The  suggestion  of  the  work  described  in  this  section  arose  incidentally, 
as  above-mentioned,  and  at  the  time  the  experiments  were  made  it  was 
unknown    to    me    that    a    diurnal    periodicity    in    phosphorescence    had 
previously  been  observed  and  described. 

A  search  through  the  earlier  literature,  however,  revealed  a 
description  of  its  occurrence  in  Pyrophora  by  Aubert  and  R.  Dubois, ^ 
and  in  Noctiluca  by  Massart.-      Henneguy^  states  that  Noctiluca  does  not 

1.  Cc);/?p/.  ren(7.  flcarZ.,  T.  XLIX.  p.  477,  1884  :  Conipt.  reud.  soc.  d.   biul.,   p.  G61,  18S4. 

See  also  papers  iu  bcjth  these  Joiinjals  by  K.  Dubois,  1884-6. 

2.  Bulletin  ycientifiquc  de  la  trance  et  dc  la  bc/ghiue,  T.  XXV,  p.  ~rl,  18'J3. 
.3.     Compt.  rend.  soc.  d.  bioL,  XL,  p.  7U7,  1884. 
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light  lip  until  it  lias  been  kept  in  the  dark  for  half  an  hour,  and  that  the 
intensity  is  not  at  the  maximum  fur  another  additional  half-hour. 

The  following  passage  from  Massart  describes  the  variations  as 
observed  in  Xoctiluca  :  — 

'  The  experiments  show  that  the  irritability  is  dependent  on  the 
alternations  of  day  and  night,  the  Noctiluca  is  hardly  excitable  on  shaking 
during  the  day  and  shines  only  during  the  night.  Fact  still  more  curious, 
whether  the  organisms  are  submitted  to  the  alternations  of  day  and  night, 
or  whether  they  are  maintained  in  constant  illumination  or  constant 
obscurity,  they  still  remain  much  more  excitable  during  the  night  than 
during  the  day.  It  is  a  veritable  phenomenon  of  memory,  everything 
looks  as  if  the  Noctilucae  preserved  the  recollection  of  the  regular 
succession  of  the  days  and  nights.' 

Massart  compares  this  to  the  change  in  position  of  the  leaves  of  plants 
during  day  and  night  in  the  Oxalis  and  certain  Papilionaceae,  but  adds 
that  while  the  phenomenon  lasts  only  some  days  in  plants,  in  the 
iSoctilucae  it  lasts  until  the  death  of  the  animal. 

His  experiments  at  the  outside  limit,  however,  lasted  for  one  week 
only,  Avhen  the  organisms  died ;  in  the  present  set  of  observations  the 
diurnal  alternation  of  activity  was  followed  with  organisms  kept  in 
continuous  darkness  for  twelve  days,  and  although  the  number  of  living 
organisms  was  decreasing  all  the  period,  a  few  were  still  left  alive  and 
phosphorescent  at  night  at  the  end  of  the  period. 

Since  the  fact  of  this  diurjial  periodicity  is  one  of  the  most  striking  of 
those  alternating  habits  or  functions  of  the  lower  invertebrates  which  bear 
such  a  curious  resemblance  to  memory  in  higher  vertebrates,  and,  indeed, 
liave  been  regarded  as  a  rudimentary  memory,^  it  may  be  regarded  as 
sufficiently  interesting  to  merit  a  detailed  description.  It  appears  to  stand 
in  some  danger  of  being  forgotten,  since  it  is  not  mentioned  even  in  the 
larger  of  the  modern  text-books,  and  to  the  best  of  my  knowledge  it  has 
not  been  shown  to  exist  in  the  phosphorescent  copepoda,  nor  demonstrated 
as  persisting  for  such  a  long  period  as  in  the  present  experiments.  Also 
its  onset  at  the  close  of  the  day  and  gradual  extinction  at  dawn  have  not 
previously  been  followed  with  any  exactitude. 

1.     See  F.  iJiirwiii,  Presidential  Address,  Brit.  AssoeiMticn,  Dublin,  I'JOB. 
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DlARV   OF    ExPERlMEIsTS 

Momlay,  September  2ht,  1908  (8-30  p.m.) — Calm  night,  and  sea  very 
pliospliorescent.  (.'ollected  plant  {Polysiphonia  nif/rescens)  from  the  rope 
of  an  old  mooring  buoy.  Tiie  phmt  is  covered  over  with  phosphorescent 
organisms  which  flash  juost  brilliantly.  The  spesimen  is  preserved  in 
5ea-water  and  examined  ashore.  It  shows  most  brilliant  phosphorescence 
Avhen  rubbed.  When  a  piece  is  put  in  fresh  tap  water  in  the  dark  it 
lights  up  most  brilliantly  all  over  for  about  three  minutes,  then  gradually 
the  light  fades  out,  and  cannot  now  be  evoked  by  any  process  of  shaking  or 
rubbing. 

Tiiesdaij,  Septeinher  22n(1. — The  plant  was  taken  into  the  dai-k  room 
at  11  a.m.  and  examined  ;  no  phosphorescence  could  now  b(>  evoked  by  any 
process,  eitlier  shaking  in  air,  stirring  up  in  tlic  s(>a-water,  rubbing,  or 
applying  fresh  water. 

A  tow-netting  had  just  been  taken  in  the  Bay  (12  noon).  This  was 
taken  into  the  dark  room  at  once,  but  no  trace  of  phosphorescence  could 
be  obtained  from  it,  even  with  most  vigorous  stirring. 

In  the  evening,  from  9  to  9-30  p.m.,  a  tow-nettijig  was  taken  in  the 
Bay,  the  sea  being  very  phosphorescent  wherever  touched  by  the  oars.  The 
haul,  Avhen  taken  into  the  boat,  scintillated  most  brilliantly  while  being 
washed  into  sea-water  in  a  jar.  The  contents  of  the  jar,  taken  into  the 
dark  room  at  the  Station,  are  showdng  spontaneous  phosphorescence,  and 
give  a  vivid  show  when  stirred.     Left  in  the  dark  room  over-night. 

Wednesday,  Septenther  23rd. — Examined  the  previous  night's  tow- 
netting  at  11  a.m. ;  there  is  not  a  trace  of  phosphorescence  to  be  elicited, 
even  on  stirring  briskly.  Examined  at  intervals  all  day  in  the  dark 
room.  There  is  not  a  trace  of  phosphorescence  seen  till  about  6-30  p.m., 
when  sparking  first  starts  on  stirring,  just  as  it  is  growing  dusk  outside, 
and  at  7  p.m.  there  is  spontaneous  phosphorescence. 

Took  also  during  the  day  three  tow-nettings  from  a  row-boat,  each  of 
15  minutes'  duration,  at  12-45  to  1  p.m.,  3-45  to  4  p.m.,  and  5-15  to 
5-30  p.m.  As  each  tow-netting  was  finished,  it  was  taken  to  the  Station, 
at  once  emptied  into  a  flat  pie-dish,   and  taken  to  the  dark  room  to  be 
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examined  for  phosphorescence.  On  each  sucli  occasion  the  tow-nettin^s 
previousl}'  there  were  also  examined,  as  also  at  other  intervals  durinfj  the 
day.  In  none  of  the  three  was  any  phosphorescence  seen  till  about 
5-40  p.m.,  when  a  single  organism  was  seen  to  spark  in  the  second  tow- 
netting  (taken  3-45  to  4  p.m.),  but  nothing  in  the  first  or  third. 

Examined  at  6-45,  when  it  is  dusk  outside,  all  three  are 
phosphorescing  spontaneously,  bright  sparks  showing  up,  sometimes  three 
or  four  at  once  in  each  dish.  On  stirring  there  is  a  bright  display  lighting 
up  each  dish.      All  three  left  over-night  in  dark  room. 

Thursday,  Septeinher  24t1i. — Examined  at  10  a.m.,  none  of  the  three 
tow-nettings  show  any  phosphorescence  in  the  dark  room.  Nos.  1  and  3 
were  kept  in  the  dark  room  all  day,  while  No.  2  was  kept  in  the  daylight, 
but  taken  at  intervals  to  the  dark  room  for  examination.  TVo 
phosphorescence  seen  in  any  of  the  three  at  any  time  during  the  day ;  but 
at  night  (7  p.m.)  all  three  are  sparking  spontaneously,  showing  bright 
sparks  at  intervals.  The  phosphorescence  is  increased  on  stirring,  so  that 
six  to  ten  phosphorescent  spots  are  visible  at  once,  but  the  display  is  not 
so  brilliant  as  on  the  previous  night,  probably  owing  to  deaths. 

All  three  left  in  dark  room  till  Friday  morning ;  the  faint  ruby  light 
from  the  dark  room  window  is  completely  shut  oif  by  banking  it  up  with 
cardboard  on  the  out.side. 

This  same  day,  being  a  bright  day  with  good  sunlight,  three 
additional  tow-nettings  were  taken,  at  11  to  11-15  a.m.,  12-45  to  1  p.m., 
and  4-45  to  5  p.m.,  and  examined  in  future  along  with  the  other  three, 
being  kept  in  dark  room  also.     Examined  as  follows  in  dark  room:  — 

No.    1  observed  at  11-30  a.m.  ...  ...     No  phosphorescence. 

Nos.  1  and  2  observed  at  1-15  p.m.     ...         ...     No  phosphorescence. 

NoH.  1,  2  and  3  observed  at  5-10  p.m.  ...     No.  1, Nil ;  No.  2, single 

spark   on    vigorous 
stirring ;  No.  3,  Nil. 

Nos.  1,  2  and  3  observed  at  5-35  p.m.  ...     Nil;  single  spark  ;  Nil. 

(Good  light  out  side  I. 
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Nos.  1,  2  and  3  observed  at  6-B5  p.m.  ...     Spontaneous    sparkinjG^ 

(Almost  dark  outside).  in  all  three,  No.   3 

most  brilliant.  Dish 
lit  up  in  each  case 
on  stirring. 

Nos.  1  2  and  3  observed  at  6-50  p.m.  ..       All  spontaneouslyphos- 

(Quite  dark  outside).  phorescing        most 

brilliantly. 

Also  at  1  p.m.  to-day,  a  further  supply  of  PolysipJwnia  nif/re.^cens 
was  collected  from  the  old  mooring  rope,  and  examined  in  the  dark  room. 
It  showed  no  phosphorescence  during  the  day.  On  placing  in  distilled 
water  it  gives  a  feeble  sparkling,  but  incomparably  less  brilliant  than  on 
similar  treatment  at  night.  After  dnrk,  from  6-(}0  j).m.  onwards,  the 
same  sample  sparkles  when  stirred,  and  a  piece  put  in  distilled  water  lights 
up  brilliantly  all  over  for  from  three  to  five  minutes;  then  the  light  dies 
away,  and  cannot  further  be  evoked  in  that,  piece  by  any  of  the  procedures 
mentioned. 

All  six  of  the  tow-nettings  of  yesterday  and  to-day  examined  again  at 
7-15  p.m. ;  all  spontaneously  phosphorescing,  and  showing  up  brilliantly 
on  stirring.      Same  result  when  again  examined  at  8-40  p.m. 

Friday,  September  25th. — Arrived  at  Biological  Station  at  4-50  a.m ; 
there  is  just  a  trace  of  dawn  in  the  dull,  grey  sky.  Organisms  examined 
at  once  in  the  dark  room,  where  they  have  all  still  been  kejDt  over-night; 
all  six  dishes  are  flashing  spontaneously. 

On  standing  quietly  by  and  watching  the  phosphorescence,  the  minute 
organisms  are  not  moving  about  rapidly  in  most  cases,  and  one  can  observe 
that  each  active  organism  is  emitting  a  series  of  flashes  at  about  the  rate 
of  one  per  minute,  and  between  the  flashes  there  is  a  dimmer  light  showing 
which  regularly  becomes  increased  by  a  flash.  The  effect  on  the  eye  is 
very  similar  to  that  of  a  revolving  light  seen  at  sea  at  some  distance  ofp. 
There  is  an  almost  constant  dim  light  lit  up  by  repeated  and  fairly  regular 
flashes. 

Many  of  the  more  active  organisms  are  so  still  that  one   is  able  to 
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observe  clusters  of  four  or  five  in  nearly  constant  positions  for  some 
minutes,  so  as  to  give  an  impressioii  of  constancy  of  shape  to  tlie  group  for 
the  time  i-esembling-  a  steHar  constelhition. 

The  eifect  in  the  complete  darkness  of  the  dark  room  is  very  l)eantifnl 
as  the  undisturbed  organisms  spontaneously  Hash  out  in  the  darkness. 

The  organisms  were  now  observed  at  frequent  intervals  of  about  ten 
minutes,  in  order  to  accurately  note  the  decline  and  disappearance  of  the 
phosphorescence.  It  was  obserA'ed  thai  the  number  of  organisms  fiashiiig 
out  was  decreasing  all  the  time.  The  rate  of  decrease  became  very  rapid 
about  5-30  a.m.,  when  the  daylight  Avas  just  beginning  to  grow  rapidly 
brighter  outside.  At  6  a.m.  there  was  only  an  occasional  odd  flash  in  each 
dish,  showing  that  only  a  few  organisms  in  each  were  still  active.  At 
6-1-3  a.m.  only  one  dish  (the  third  of  those  collected  on  'l'hurs(hiy) 
Avas  still  shoAvmo'  an  occasional  jjleam ;  all  the  other  hve  dislies  liad 
stopped  spontaneous  phosphorescence.  At  6-30  a.m.  all  spontaneous 
phosphorescence  had  disappeared,  but  a  faint  display  could  still  be 
elicited  in  all  six  dishes  by  vigorous  stirring.  At  7  a.m.  no  sparking 
obtainable  in  any  dish,  even  on  niost  vigorous  stirring;  same  result 
repeated  at  T-30  a.m. 

The  organisms  on  the  Folysiphonia  nujrescens  behave  similarly  to  the 
free  organisms  in  the  dislies  throughout.  It  was  feared  that  the  organisms 
would  perish  if  the  sea-water  were  not  changed,  so  Nos.  1  and  2  of  the 
Wednesday  tow-nettings  were  tiltered  in  the  dark  room  through  the  silk 
of  the  tow-netting,  and  then  the  net  being  turned  (so  that  no  fresh 
organisms  could  be  introduced),  the  organisms  were  washed  into  a  fresh 
(juantity  of  sea-water  poured  on  to  the  net.  Hence  there  were  in  future 
five  dishes  to  observe  instead  of  six,  but  no  alteration  in  jate  of  survival 
on  account  of  the  changing  was  obxMNcd,  and,  as  the  other  dishes  of 
organisms  appeared  to  be  doing  well,  the  proci'ss  of  wasliing  into  a  fresh 
supply  of  sea-water,  which  Avas  exceedingly  ditficult  and  aAvkwanl  in  the 
quite  dark  room,  Avas  abandoned. 

The  organisms  were  next  examined  at  1  p.UL,  when  vigorous  stirring 
failed  to  call  forth  a  single  spark  in  any  of  the  tow-nettings  or  on  the  Aveed. 

The  next  examination  was  at  U  \).\\i.,  when  every  one  of  tlie  dishes 


DILRNAI,    I'KinoDK  ITY    OF    mOSlMlOKESCKXCK.  27 

showed  spoilt aiieuus  pliusplioiesceiice.  Tlie  display  in  the  three  Thursday 
nettings  is  not  so  vivid  as  on  the  previous  night,  there  being  fewer 
organisms  phosphorescing.  It  is  also  noticeable  that  the  phosphorescence 
is  not  so  vigorous  in  each  individual  organism.  The  tlare  out  is  perhaps 
as  great,  but  the  light  completely  dies  out  in  all  cases  after  each  flare,  and 
the  period  between  the  flares  seems  to  be  lengthened,  so  that  one  cannot 
pick  out  a  particular  organism  b}^  its  flashes  and  keep  track  of  it.  The 
two  dishes  from  the  Wednesday  tow-nettings,  which  are  to-night  showing 
for  the  third  time,  are  not  much  decreased  in  vigour  from  the  second 
night,  either  in  frequency  of  spontaneous  flashing  or  in  vividness  on 
stirring  them.  Nearly  as  many  phosphorescing  organisms  appear  to  be 
present,  and  the  flashes  are  about  as  bright  as  on  the  preceding  night. ^ 

These  AVednesday  organisms  have  now  lit  up  for  the  third  time, 
having  been  quite  quiescent  in  the  intermediate  periods  of  daylight  in  the 
outer  world.  One  of  the  two  dishes  has  been  in  complete  darkness 
throughout  the  period.  From  this  onward  all  the  sets  of  organisms  are 
kept  in  complete  darkness  the  whole  time. 

Saturday,  September  26th. — The  organisms  were  examined  at  11  a.m., 
and  again  at  1  p.m.,  when  no  sparking  was  occurring,  nor  could  any  be 
evoked  by  vigorous  stirring.  The  next  observation  was  commenced  at 
G-07  p.m.,  when  the  daylight  was  commencing  to  fade  outside.  The  dishes 
were  not  stirred,  but  quietly  watched  in  the  complete  darkness.  When  the 
first  spontaneous  flash  occurred,  the  dark  room  was  quitted  and  the  time 
noted;  it  was  6-13  p.m.  Between  G-15  and  G--jO,  six  fla.shes  were  counted; 
between  6-30  and  6-45,  twenty-tAvo  flashes;  between  6-55  and  7-15  p.m., 
there  were  twent}'  flashes.  The  display'  is  much  less  marked  than  on  the 
previous  evenings.  On  stirring  the  dishes,  three  or  four  organisms  can 
be  made  to  phosphoresce  at  once  in  each  case. 

The  organisms  on  the  Polysiphonia  nigresceiis  are  also  phosphorescent 
on  stirring. 

Sunday,  September  27th. — Examined  at  lU-30  a.m.;  no  phos- 
phorescence,  either  spontaneous  or  on  stirring,   from  any  of  the  dishes. 

1.  This  was  observed  in  nearly  all  the  experiments,  a  great  drop  during  the  first  twenty- 
four  hours,  and  then  a  very  slow  death-rate  in  the  residue. 
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Re-examined  at  7  p.m.,  four  of  the  (li>slies  show  spontaneous 
pliospliorescencp,  the  rate  of  sparking  being  extremely  slow.  The 
remaining  dish  (the  third  of  the  Tliursday  tow-nettings)  has  undergone 
putrefaction,  and  shows  no  phospliorescence,  even  on  stirring.  It  is 
taken  from  the  dark  room,  and  all  the  organisms  in  it  are  seen  to  be  dead. 

Stirring  elicits  two  to  four  phosphoresceiit  organisms  at  the  same 
time  in  the  remaining  four  dishes. 

3f()/}(l(n/,  Sepfemhcr  2iV/i.-  Examined  the  four  dishes  at  2--)()  ]).m. ; 
no  phosphorescence  obtainable  from  any  of  them.  Exanrined  again  at 
7-30  p.m.  Two  spontaneous  sparks  seen  in  the  Wednesday  dishes  in  an 
interval  of  about  five  minutes;  no  spontaneous  phosphorescence  seen  in 
the  Thursday  dishes.  On  stiriing,  about  six  phosphorescent  organisms 
seen  in  one  of  the  Wednesthiy  dishes,  and  three  or  four  in  the  other;  one 
seen  in  the  first  of  the  Thursday  dishes,  and  three  or  four  in  the  second. 

Tuesday,  Sejytemher  29th. — Examined  at  o-oU  p.m.;  no  phos- 
phorescence visible  or  obtainable.  Examined  again  at  9  i).m.,  there  is 
spontaneous  pliospliorescence  in  both  of  the  Wednesday  dishes,  and  in  one 
there  is  an  organism  which  remains  steadily  phosphoresce}it  Avith  a  dull 
glow  all  the  time.  On  stirring,  about  six  phosphorescent  organisms  are 
visible  in  each  of  the  AVednesday  dishes,  and  the  sparking  is  brilliant. 
In  the  Thursday  dishes,  on  stirring,  there  is  less  display,  only  two  or  three 
organisms  showing  up  at  once  in  either.  The  few  organisms  are, 
however,  quite  active,  and  a  single  organism  in  each  case  lights  up  so  as 
to  illuminate  the  contents  and  sides  of  the  whole  dish. 

Wednesday,  ScjJtembcr  30th. — Examined  at  11  a.m.;  Jio  phos- 
phorescence, spontaneous  or  otiierwise.  Examined  again  at  7-;{()  p. in.,  no 
spontaneous  phosphorescence  duiing  a  jx'iiod  of  about  5  minutes,  but  on 
stirring  there  is  a  good  display  in  ail  four  dishes.  -This  is  the  eighth 
night  of  appearance  of  phosphorescence  in  the  Wednesday  lots,  and 
seventh  night  for  the  Thursday  organisms. 

Thursday,  October  1st. — Examined  the  four  dishes  at  11  a.m.;  no 
phosphorescence,  spontaneous  or  on  stirring,  l^xamijied  again  at  7  p.m., 
there  is  spontaneous  phosphorescence  at  a  slow  rate  in  three  (two 
Wednesday  and  one  'i'liuisday  i,  and   In  all    loni'  on  stirring. 
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Friday,  October  2nd. — Examined  at  3  p.m.-,  no  pliosphorescence, 
either  spontaneous  or  on  .stirring.  Examined  again  at  9  p.m.;  in  one  of 
the  Wednesday  dishes  there  is  an  organism  which  remains  permanently 
lit  up  the  whole  time  of  ohservation,  about  seven  minutes.  Spontaneous 
phosphorescence  seen  in  tlie  other  AVednesday  dish,  and  in  one  of  the 
Thursday  dishes.     All  four  give  pliosphorescence  on  stirring. 

This  is  the  second  time  a  continuously  phosphorescent  organism  has 
been  observed.      It  may  be  a  pathological  condition  of  the  organism. 

Saturday,  October  3rd. — Examined  at  4  p.m.,  no  phosphorescence  of 
any  kind ;   did  not  examine  after  nightfall  this  day. 

Sunddy,  October  4th. — Examined  at  12  noon,  no  phosphorescence  in 
any  dish,  either  spontaneously  oi'  after  vigorous  stirring.  Examined 
again  at  6-20  p.m.,  and  watched  at  intervals  till  8-30  p.m.,  but  there  is  no 
spontaneous  flashing.  On  stirring,  however,  there  is  phosphorescence 
obtainable  in  each  of  the  four  dishes,  one  or  two  organisms  only  flashing  in 
each  case. 

The  experiments  were  brought  to  an  end  at  this  date.  When  the 
disbes  are  taken  to  the  light  it  is  found  that  only  a  small  number  of 
organisms  are  visible  ami  alive  in  each,  and  there  is  much  debris  of  dead 
organisms. 

The  diurnal  periodicit}-  of  the  phosphorescence  had  been  observed  for 
twelve  days  and  nights  in  the  case  of  the  organisms  collected  on 
Wednesday,  September  23rd,  and  for  eleven  periods  in  the  case  of  those 
collected  on  Thursday,  September  24th,  without  any  exception.  During 
(his  interval,  with  the  exception  of  one  of  the  Wednesday  dishes  whi(4i  had 
been  exposed  to  light  0]i  the  flrst  Thursday  of  the  period,  all  the  dishes 
were  kept  in  continuous  darkness,  yet  at  the  close  of  the  day  the 
organisms  always  lit  uj).  ;ind  liglits  were  extinguished  about  daylight  in 
the  morning. 

The  four  dishes  of  organisms  were  now  Altered  one  after  the  other  into 
the  small  end  of  the  same  tow-net,  washed  out  into  a  little  sea-water,  and 
lixed  with  Ave  per  cent,  formol. 

The  fixation  was  carried  out  iii  (he  dark  room  in  order  to  observe  if 
there  was  any  phosphorescence.      About  six  bright  points  shone  out,  two 
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of   which   persisted    hrilliantly    for   about    three   minntes,  and  then  faded 
out. 

The  weed  (Poh/siphoina  nigrescens)  was  kept  in  the  dark  from  the 
Thursday  (September  2-tth)  till  AVednesday  (September  30th),  showing 
phosphorescence  at  night  and  none  during  the  day.  Fearing  that  it  would 
decompose,  it  was  then  placed  in  ordinary  dilTt'use  daylight  in  a  vessel 
with  running  sea-water.  This  treatment  increased  the  amount  of 
phosphorescence  enormouslj',  and  in  a  day  or  two  it  was  quite  as 
phosphorescent  as  at  first.  Taken  from  the  diffuse  daylight  to  the  dark 
room  for  examination,  it  was  never  phosphorescent,  but  at  night  it  alw^ays 
phosphoresced  most  brilliantly.  It,  also,  at  the  end,  was  fixed  in  5  per 
cent,  formol,  and  in  this  process  lit  up  about  twenty  seconds  after  the 
application  of  the  formol,  and  shone  vividly  for  about  three  minutes  before 
dying  out. 

The  examination  of  the  \inited  tow-nettings  was  difficult  on  account  of 
tlie  majority  of  the  organisms  being  dead  and  in  a  broken-up  condition 
through  the  long  duration  of  the  experiment,  but  the  following  account 
was  kindly  given  me  by  Mr.  A.  Scott,  to  whom  my  best  thanks  are 
due :  — 

Diatoms. — Biddulphia  mohiliensis,  1,000;  Chaetoceros  den  sum,  50; 
('oscinodiscus  nidiatvs,  50  ;    Trochiscd  sp.,  250. 

(\)VV.vct\)s.  -(!iihnni.'<  /iclgoltindicus,  20;  Fseudottdanus  elongatus,  680; 
Tcinora  longicornis,  100;  Ceiitropages  hamatus,  10; 
Paracalanns  parvus,  100;  Isias  clivvipes,  100;  Copcpod 
iKiuplii,  100;   Copepod  J'uv.,  200. 

MoLi.iscA  (larval).     (Taster()])()ds,  150;   Laniollibranchs,  500. 

No  Xoctilurae  were  present. 

11  is  not  pi-()l)ah1('  flial  (he  dialonis  or  niolluscan  larvae  were 
pliosi)lioi'escent,  so  lliat  Iheic  is  liitle  doubt  that  liic  phosphorescence  was 
due  lo  I  he  co|)t'])ods  pi'cs(Mit,  oi'  ccriain  species  of  these. 


DIURXAL   rEKTODTCTTY   OF    PHOSPHORESCENCE.  31 

Tlie  followiug  is  a  statement  of  tlie  contents  of  the  routine  tow- 
nettings  alwa^'S  taken  of  the  plankton  of  the  Bay,  for  the  statistical  work 
(if  the  Biological  Station,  on  the  date  (Thursday,  September  24th)  when 
tlie  second  set  of  tow-nettings  were  collected  for  the  observations: 

Diatoms. — Hiddulphui  tnohilicnsis,  800;  Cluictoceros  decijrienn,  GOO; 
(Jh.  (h'lisui/i,  440;  Coscinodiscu.i  rfidiafiis,  50;  Strejjtotheca 
tJuniicnsis,  150  :    T rochiaca  sp.,  50. 

Djnoflagellata,  &c. — Ccmtiuii}  fiircn,  50  ;  C.  fiisu.-;,  100  ;  C.  tripos, 
100;    Tintinnopsu  xj).,  600. 

(Joi'Ki'ODA.  CV;/rt/;ii.y  ImUjohntdiins,  50;  Pseudocalanus  elonydtus,  •■),1S0 ; 
Temora  longicornis,  280;  Coitrupages  hanuitus,  (j5  ; 
Acartia  clausi,  2,200;  Oithona  sitnilis,  1,750;  Paraialamis 
parries,  8-')0  ;  Isias  chivipes,  160:  Cope  pod  nauplii,  ^3,960  ; 
Copepod  jur.,  2,180. 

MoLLiscA,  &c. — Lamellibranch  laryae,  280;    Oikopleura,  3,800. 

Whether  this  diurnal  periodicity  has  the  same  physical  basis  in  a 
rudimentary  fashion  as  memory  in  higher  animals,  is  still  an  open 
question,  for  it  is  open  to  believe  that  the  alternating  play  of  light  and 
darkness  upon  those  cells  which  produce  the  phosphorescence  may  have 
induced  in  them  a  periodicit}'  of  activity  and  rest  which  still  persists  after 
the  alternating  stimulus  is  withdrawn.  The  process  may,  for  example,  be 
due  t(i  a  secretion  by  certain  cells  which  phosphoresces  as  each  drop  is 
produced,  and  this  process  of  secretion  may  have  a  period  of  rest  during 
the  day  and  activity  during  the  night.  The  rhythm  of  this  activity  may 
be  timed  daily  under  ordinary  conditions,  and  regulated  by  alternation  of 
light  and  darkness.  During  the  day  there  would  be  storage  in  the  cell, 
and  at  night  discharge.  On  the  lemoval  of  the  stimulus  of  light  during 
the  day  this  state  of  alteriiatiou  of  rest  and  action  might  persist  for  a  long 
period. 
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Conclusions 

1.  The  characters  of  the  response  of  an  organism  by  movement  to 
light  are  not  constant  for  a  given  organism,  bnt  vary  for  the  same 
organism  at  the  same  time  according  to  the  intensity  of  the  light  and  the 
previous  history  of  the  organism  in  regard  to  light.  As  a  general  rule, 
the  organism  is  positive  to  feeble  light  and  negative  to  stronger  light,  and 
for  a  constant  intensity  of  light  at  a  given  moment  previous  darkness  or 
Aveak  stimulation  tends  to  turn  organisms  positive,  and  previous  exposure 
to  bright  light  turns  them  negative. 

2.  Both  the  positive  and  negative  behaviour  to  light  may  be 
explained  on  the  basis  of  one  chemical  action  of  light  upon  the  cell 
fa  katabolic  one).  The  positive  state  indicates  that  the  speed  of  reactions 
in  the  cell  lies  below  a  certain  value,  which  may  be  called  the  optimal 
value,  and  the  negative  state  corresponds  to  a  speed  of  reactions  in  the 
cell  above  the  optimal  value.  In  the  former  c;ise  the  sentient  surfaces 
are  turned  into  the  light  to  increase  velocity  of  reaction  up  towards  the 
optiTiKil  value;  in  the  latter  case  the  sentient  surfaces  are  turned  away 
from  the  light  so  as  to  decrease  the  velocity  of  the  reactions  down  towards 
the  optimal  value. 

3.  As  a  result  of  the  orientation  so  caused,  there  arises  movement  of 
the  organism  towards  or  away  from  the  source  of  light,  but  such 
oiieiitation  is  not  a  fixed  orientation,  but  rather  a  steering  action;  the 
animals  as  a  result  do  not  reinaiu  in  f)ne  (ixed  plaiu>  or  direction  of 
7u()vement,  but  the  net  result  of  the  movement  is  that  the  organisms  move 
to  or  from  the  light.  AVhen  the  movement  is  hnished  the  organisms 
(plaice)  may  lie  in  all  possible  planes  of  orientation  to  the  light. 

4.  Movement  towai-ds  or  away  from  the  light  has  in  some  orgajiisms 
(Nauplii  of  JJalanusj  an  associated  movf^nent  upwards  oi'  do\v)nvards. 
These  two  movements  would  coincide  together'  in  natuial  inovenuMits  (jI 
I  he  organisms  under  tiie  iuHuence  of  light  alone  in  the  sea. 

o.  In  the  case  of  TSanplii  of  lialanus,  addition  of  small  amounts  of 
acid  01'  alkali  was  not  found  to  all(M'  the  reactions  to  light. 

(i.     The  rate  of  movement   ol    I  he  organism   (Nauplii)   is  almost   the 
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^ame  with  different  intensities  of  light  and  dilferent  coloured  lights, 
showing  that'  the  locomotor  apparatus  is  not  affected  by  the  light,  but 
continues  to  work  at  the  same  rate. 

7.  The  particular  organism  used  (Xauplius  of  Balanus)  moves  from 
red  light  to  blue  light,  and  from  blue  to  green,  under  such  circumstances 
that  the  incident  light  is  the  same  in  direction  for  both  coloured  regions. 
This  would  indicate  that  with  the  particular  total  intensities  being  used 
for  the  experiments,  green  is  a  more  suitable  or  optimal  stimulus  than 
blue,  and  blue  in  turn  more  optimal  than  red. 

8.  Movement  in  converging  and  diverging  light  is  described  and 
shown  to  be  explicable  on  the  basis  of  intensity  of  light  alone,  and  that 
direction  produces  its  effects  in  a  secondary  manner  on  account  of  the 
light  and  shade  eft'ects  of  the  animal's  own  body. 

9.  The  phosphorescent  organisms  exj)erimented  with  (certain 
copepods)  were  shown  to  be  indifferent,  in  regard  to  movement,  to  light 
from  without. 

10.  That  light  from  without  has  another  type  of  influence  upon  these 
phosphorescent  organisms  is  shown,  however,  by  the  fact  that  their 
periods  of  activity  and  rest  in  regard  to  phosphorescence  follow 
respectively  the  hours  of  daylight  and  darkness. 

11.  It  is  shown  that  this  alternating  diurnal  periodicity  can  persist 
for  a  long  period  (twelve  days)  in  absence  of  the  accustomed  recurring 
stimulus  of  the  light  and  darkness  of  day  and  ]iight. 

12.  The  phosphorescence  of  these  copepods  in  captivity  is 
spontaneous,  and  although  increased  by  mechanical  stimulation,  it  goes  on 
vigorously  even  when  the  organisms  are  undisturbed  and  quite  still, 

13.  When  the  organisms  are  freshly  taken,  the  character  of  the 
phosphorescence  is  such  that  a  faint  light  persists,  which  is  increased  at 
intervals  by  bright  flares  or  flashes.  At  a  later  period  the  light  disappears 
entirely  between  the  flashes,  which  have  a  longer  interval  between  them. 
Under  probably  pathological  conditions,  after  the  organisms  have  been 
kept  confined  for  a  considerable  period,  there  may  be  lighting  up  of  the 
organisms  with  a  continuous  glow. 

14.  The  appearance  of  the  spontaneous  phosphorescence  at  nightfall, 
c 
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and  its  disappearance  at  dawn,  are  characterised  by  tlie  same  changes  in  a 
reversed  order  in  the  two  cases.  Before  the  appearance  f)f  spontaneous 
phosphorescence  at  night,  and  after  its  disappearance  in  tlie  morning, 
there  is  a  period  of  minimal  excitability  of  about  half  an  hour  during 
which  stirring  still  calls  out  phosphorescence.  After  this  tlie  organisms 
become  completely  refractory. 

15.  Addition  of  fresh  water,  or  formol,  produces,  during  the  period 
in  which  the  organism  is  dying,  a  most  vivid  phosphorescence,  which  lasts 
from  two  to  three  minutes,  and  then  fades  and  disappears. 

This  display  is  very  feeble  during  a  daylight  period,  compared  to  what 
is  seen  after  dark  when  spontaneous  phosphorescence  is  present. 
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THE 

MARINE  BIOLOGICAL  STATION  AT  PORT  ERIN, 

BEING   THE 

TWENTY-SECOND  ANNUAL  REPORT 

OF    THE 

LIVERPOOL   MARINE   BIOLOGY   COMMITTEE. 


The  past  year  has  been  a  successful  one  as  regards  marine 
investigations  and  work  in  the  laboratory,  but  a  sad  one 
otherwise,  as  we  have  lost  two  of  the  original  members  of 
our  small  Committee  (Mi.  R.  D.  Darbishir^e  and  Mr. 
Alfred  Leicester)  and  several  of  our  best  supporters, 
amongst  others: — Dr.  E.  Bickersteth,  Mr.  Charles  W. 
Jones,  Mr.  F.  H.  Gossage,  Mr.  Robert  Okell,  Dr.  H.  C. 
Sorby  and  Mr.  Horace  Walker.  The  Committee  are 
anxious  to  get  some  younger  men  as  recruits  to  till  the 
places  thus  left  vacant,  both  as  actual  workers  in  the  field 
and  also  as  subscribers  to  the  funds.  There  are  now 
plenty  of  students — in  fact,  during  the  Easter  vacation 
the  Biological  Station  has,  for  the  last  couple  of  years, 
been  practically  full — and  there  are  plenty  of  young 
professional  researchers ;  but  we  have  very  few  left  of 
the  earnest  amateur  naturalists  Avho  were  our  main 
support  twenty  years  I'go,  and  of  whom  Mr,  Darbishire 
and  Mr.  Leicester,  whose  loss  we  now  deplore,  were 
excellent  examples.  Both  these  members  of  the  Com- 
mittee were  Conchologists  and  good  Field-Naturalists, 
and  both  have  written  useful  reports  on  the  local  Mollusca 
for  our  publications.  Mr.  Joseph  Lomas,  F.G.S.,  and 
Sir  John  Brunner  have  been  recently  elected  to  fill 
the  two  vacant  positions  on  the  Committee.  In  the 
death  of  Mr.  Robert  Okell,  F.L.S.,  the  Manx  Fishery 
Board  have  lost  their  accomplished  and  devoted  vSecrclary, 
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wlio  tad  much  to  do  with  the  original  negotiations 
between  the  L.^I.B.C.  and  the  Manx  Government  and 
with  the  erection  of  the  present  combined  Biological 
Station  and  Fish  Hatchery  in  l!)01-2.  ITis  official  visits, 
as  Secretary  to  the  Fishery  Board,  were  frequent  and 
helpful,  and  he  will  be  greatly  missed  by  all  connected 
with  the  institution. 

The  dredging,  tow-netting  and  other  investigations 
at  sea,  started  during  the  previous  year  with  the  yacht 
'■  Ladybird,"  have  been  carried  on  A'igorously  during  the 
Easter  and  Summer  vacations  of  1908.  Over  55U  samples 
of  plankton  have  been  collected  with  various  nets  in  the 
seas  around  Port  Erin  and  have  been  sent  to  Mr.  Andrew 
Scott  for  mi('rosco})ic  investigation.  Sonu^  account  of  the 
results  of  these  observations,  so  far  as  yet  ascertained,  will 
be  found  further  o]i  in  this  Beport. 

The  fish  hatching  and  the  lobster  hatching  and 
rearing  have  gone  on  very  much  as  usual  this  year,  and 
about  the  same  numbers  of  larvip  as  before  have  been  set 
free  in  the  open  waters  around  the  Isle  of  Man.  The 
details  of  this  work  are  given  below. 

The  number  of  visitors  to  the  .\(juarium  is  again 
between  fifteen  and  sixteen  thousand,  and  but  for  bad 
weather  in  tlie  lattci'  [)ait  oF  the  season  would  ])i'obably 
have  been  much  larger,  as  at  tlie  end  of  July  the  niimbers 
were  over  a  thousand  in  advance  of  tlie  corresponding 
date  in  1907. 

As  on  previous  occasions,  Mr.  Ohadwick  has  supplied 
a  "  Curator's  Bejjoi-t,"  whicli  will  be  found  below,  but, 
in  addition,  I  am  inthibtcd  Id  liini  for  some  of  the 
infornuition  {jiven  Ix^re, 
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The  Station  Record. 

Tliirty-ei<i-lit  natiindists  and  students  have  occupied 
the  Laboratories  for  varying-  periods  during-  the  year,  as 
folloAYS  :  — 


Dec.  SOth  to  Jan.  Sth. 

April  hst  to  April  lUh. 

April  lOth  to  29//*. 
April  I6th  to  30f/t. 
April  im  to  28th. 
April  IGth  to  May  2nd. 
April  l&h  to  29«/i. 
April  nth  to  2Qth. 
April  18th  to  21th. 
April  \8th  to  May  2nd. 
April  \8th  to  May  2nd. 
April  \8th  to  May  2nd. 

Jliss  Prescott 

Miss  Scott. 

Miss  Smith. 

Miss  Watterson. 

Miss  Southerst. 

Miss  Whitehurst. 

Miss  Cheetham. 
June  Wth  to  July  \st. 
June  \2th  to  loth. 
June  20<A  to  22nd. 
June  20th  to  22nd. 
June  2ith  to  July  loth. 
July  6th  to  Aug.  llth. 
July  lOth  to  2l.st. 
A^ig.  3rd  to  Shst. 
Aug.  3rd  to  Sept.  2lst. 
Aug.  ithto  I8th. 
Aug.  1th  to  l^th. 
Aug.  I3th  to  19«A. 
Aug.  loth  to  2lst. 
Aug.  loth  to  3lst. 


Prof.  Herdinan.— Official. 

Dr.  H.  E.  Roaf.— CJlauds  of  MoUusca. 

Miss  Sowerbutts. — General. 

Miss  Smith. — General. 

Prof.  Herdman. — Plankton. 

:\rr.  W.  Riddell.— Plankton. 

Mr.  W.  A.  Gunn. — Cicneral. 

Mr.  V.  W.  Draper. — General. 

ilr.  F.  0.  Mosley. — General. 

Dr.  H.  E.  Roaf. — ^Glands  of  Mollusca. 

Mr.  H.  G.  Jackson. — General. 

3Ir.  J.  Davidson. — General. 

Prof.  B.  Moore. — Bio-Chemistry. 

:\ri.s.s  ^titchell. 

iliss  Moss. 

Miss  Stopford. 

i\Iiss  NichoUs. 

Miss  Hirst. 

iliss  Owen. 

Miss  Kenyon. 
Mr.  J.  G.  Robinson. — General. 
Miss  N.  M.  Stephens.— Sagitta. 
Prof.  Herdman. — Official. 
Prof.  Kofoid. — General. 
Rev.  E.  J.  W.  Harv^ey. — Sagitta. 
Mr.  F.  H.  GJravely. — Larval  forms. 
Miss  K.  Duffy. — General. 
Mr.  G.  H.  Drew.— Plankton. 
Prof.  Herdman. — Plankton. 
ilr.  W.  A.  Gunn. — General. 
Rev.  Father  Van  Molle. — General. 
Mr.  W.  J.  Dakin.— Pecten. 
Dr.  J.  Pearson. — Cancer. 
Mr.  Burdon. — General. 
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Aicg.  I5th  to'Slst.  Mr.  E.  J.  G.  Alford.— General. 

Sept.  I4th  to  IQth.  Mr.  R.  Lace. — General. 

Sept.  1st  to  Oct.  ^rd.  Prof.  B.  Moore.— Phosphorescence. 

The  "  Tables  "  in  the  Laboratory  were  occupied  as 
follows :  — 

Liverpool  University  Table  : — 

Prof.  Herdman.  Prof.  B.  Moore. 

Dr.  Roaf.  Mr.  Drew. 

Dr.  Pearson.  Mr.  Riddell. 

^Ir.  Dakin.  Mr.  Gunu. 
Liverpool  Marine  Bioluijij  Committee  Table  : — 

Miss  Stephens.  Mr.  Mosley. 

Rev.  Mr.  Harvey.  Mr.  Robinson. 

Rev.  Mr.  Van  Molle.  Mr.  Burdon. 

IMr.  Draper.  Jlr.  Alford. 
Manchester  University  Table  : — 

Miss  Sowerbntts.  Miss  Duffy. 

Miss  Smith.  Mr.  Gravely. 
Isle  of  Man  Natural  History  and  Antiquarian  Society  Table  : — 

Mr.  Lace. 

Tlie  followinp'  studonts*  of  Liverpool  University 
occupied  the  Junior  Laboratory  for  a  fortnight  during 
the  Easter  vacation  and  worked  together  under  the 
supervision  of  Professor  llerdman,  Dr.  Pearson  and  Mr. 
Laurie  :  — 

Miss  Prescott.  Miss  Moss. 

Miss  Scott.  Miss  Stopford. 

Miss  Smith.  Miss  Nicholls. 

Miss  ^Watterson.  Miss  Hirst. 

IVIiss  Southerst.  Miss  Owen. 

Miss  Whitehurst.  Miss  Kenyon. 

I        Miss  Cheetham.  Mr.  Davidson. 

Miss  Mitchell.  Mr.  Jackson. 

Those  of  us  who  were  responsible  for  directing  the 
practical  work  of  those  senior  students  at  Port  Erin  were 
anxious  that  in  addition  to  ordinaiy  Zoological  work  on 

•  Assisted  by  a  grant  from  the  Liverpool  Council  of  Education. 
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living  material  siicli  as  would  supplement  tlieir  University 
course,  tliey  should  if  possible  make  a  beginning  with 
some  biological  investigation  requiring  original  observa- 
tion and  interpretation.  So  tliey  were  directed  to  observe 
and  collect  certain  specified  groups  of  common  organisms 
at  certain  specified  localities  differing  somewhat  in  their 
physical  character — such  as  the  two  sides  of  Port  Erin 
Bay,  Port  St.  Mary  and  Fleshwick  Bay — with  the  view 
of  ascertaining  how  far  the  organisms  from  these  localities 
differed  in  number,  size  and  other  particulars.  Some 
good  work  was  carried  out,  and  a  beginning  was  made  in 
all  these  respects ;  but  much  still  remains  to  be  done,  and 
it  is  hoped  that  the  students  who  go  to  Port  Erin  this  next 
Easter  will  continue  the  work  of  their  predecessors. 

The  Biological  Station  was  visited  during  the  year  by 
Professor  C.  A.  Kofoid,  of  the  University  of  California; 
Mr.  C.  Juday,  of  the  University  of  Wisconsin ;  Dr.  J. 
Knight,  of  the  Millport  Biological  Station ;  Professor 
W.  Garstang  (Leeds);  Captain  Creak,  F.ll.S.,  from  the 
Hydrographer's  Office ;  two  parties  of  members  and 
officials  of  the  Lancashire  County  Council;  and  a  party 
of  members  of  the  Xatuial  History  Society  of  King 
William's  College.  Two  visits  have  beeu  paid  to  the 
Aquarium  by  parties  of  pupils  from  the  upper  standards 
of  the  Rushen  Grirls'  School,  and  one  visit  by  the  elder 
pupils  from  one  of  the  Douglas  schools. 

The  Committee  are  glad  to  see  the  institution  being 
made  use  of  in  this  manner,  and  the}^  hope  that  other 
schools  and  educational  bodies  in  the  Island  will  organise 
periodic  visits  to  the  Aquarium,  and  will  thus  come  to 
recognise  the  Biological  Station  as  a  serious  educational 
factor  which  ought  to  be  taken  advantage  of  to  the  fullest 
extent. 

Both    Professor     Kofoid,    from    the    University    of 


40  TRAXSACTIO.VS    LIVERrOOL    BIOLOGICAL    SOCIETY. 

California,  and  otlier  visitors  of  liig^li  autliority,  have 
expressed  appreciation  of  our  liatcliing  and  reavin<)- 
arrangements,  and  have  represented  to  us  that  it  would 
be  very  convenient  to  themselves  and  others  to  have 
published  in  our  report  a  detailed  description  of  the 
Hatchery  and  hatchino-  boxes,  with  figures  of  the 
mechanism  by  which  the  water  is  kept  in  motion,  that 
could  be  quoted  or  referred  to  by  others  wanting  informa- 
tion or  writing  on  such  matters.  Consequently  I  have 
asked  ^Ir.  Chadwick  to  supply  me  with  the  measurements 
and  drawings,  from  wliich  the  following  account  of  the 
Hatchery  and  its  apparatus  has  been  drawn  up:— - 

The  hatchery  room  measures  oO  x  25^  feet,  Avith  a 
height  of  10  feet.  The  concrete  floor  slopes  slightly  from 
the  front  and  the  back  of  the  room  to  the  centre,  where 
there  is  a  shallow  gutter  for  waste  water  (5  inches  wide. 
At  the  west  end  of  Ihe  room  this  gutter  branches  at  right 
angles  to  righl  and  left,  and  (>ach  branch  opens  into  a 
bowl-shaped  depi'ession  2  feet  in  diameter.  From  the 
depressio.i  on  the  north  side  of  the  room  a  dei'per  waste 
guttc]'  runs  straighi  through  the  west  wall  to  open  over  a 
grid  outside  the  building.  A  nari'ow  groove  in  the  floor, 
designed  to  receive  the  waste  pipe  connected  with  the 
])atchiiig  tanks,  o])ens  into  each  depression   (fig.  7). 

The  ceiling  is  of  varnished  pine,  and  the  room  is 
lighted  by  six  windows  facing  north  and  four  facing  west. 
The  entrance  from  the  A(|nariuni  is  on  the  east  wall.  At 
the  opposite  end  of  the  room  a  door  leads  outwards  to  the 
path  surrounding  the  spawning  j)ond.  On  the  south  side 
of  the  loom  there  is  a  doiiblc  door  opening  into  a  wide 
passage  leading  past  the  engine  room  to  the  back  yard. 
Space  for  four  additional  hatching  tanks  is  still  vacant 
along  the  south  wall,  the  remaining  space  being  occupied 
l)y  a  deep  concrete;  (lobster)  tank,  built  on   the  floor  and 
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iiicasuiiufi'  10  X  .3|  X  3  feet.  On  the  left  side  of  the  west 
door  are  three  shallow  wooden  tanks,  4x2x1  feet,  used 
for  the  storage  of  the  mussels  for  feeding  the  fish.  There 
is  a  circulation  of  sea-water  through  all  of  these. tanks. 

The  series  of  eight  liatcliing  tanks,  arranged  in  pairs, 
with  passages  between  adjacent  pairs,  occupies  the  north 
side  of  the  room  (see  fig,  T).  Each  tank,  of  wood  1  inch 
thick,  measures  7  feet  T  inches  long  by  2  feet  3^  inches 
wide  and,  over  all,  is  11  inches  deep.  It  is  divided  into 
fourteen  compartments,  of  which  those  at  the  ends  are  4i  x 
12|  inches,  with  a  semi-circular  opening  at  the  bottom  of 
the  partition.  The  other  compartments  measure  15^  x  12^ 
inches :  all  are  the  same  depth.  At  the  centre  of  each 
end  of  each  compartment  is  a  shoot,  made  of  sheet  brass, 
2|  inches  wide,  |  inch  deep  and  1^  inches  long,  to  lead 
the  running  sea-water  from  one  compartment  to  the  next. 
Down  the  middle  of  each  tank  runs  an  iron  bar  (OB  in 
fig.  3),  7  feet  0^  inches  long,  1^  inch  deep  and  f  inch  thick. 
One  end  is  hinged  to  the  upper  end  of  the  tank,  the  other 
is  free,  and  the  bar  is  pierced  at  five  points,  measuring 
from  hinge  15|,  31^,  47^,  GOf  and  T8f  inches  respectively, 
and  into  these  holes  are  fixed  short  transverse  iron  rods 
I  inch  thick  and  3|  inches  long.  The  bar  carries  two  leaden 
weights,  of  3^  lbs.  each,  grooved  so  as  to  slide  at  the  free 
end.  The  bar  in  working  up  and  down  (see  hg.  3,  Gfd)  is 
guided  by  an  iron,  1  inch  wide  8  incnes  long, -  shaped  like 
a  tuning  fork  and  fixed  18|  inches  from  the  lower  end  of 
the  tank.  The  inside  of  the  tank  is  coated  with  a  mixture 
of  tar  and  pitch,  applied  hot.  Each  tank  rests  on  three 
trestles  and  is  22  inches  above  the  floor  at  the  upper  end 
and  19f  inchss  at  the  lower  one. 

Each  of  the  ten  larger  compartments  in  a  hatching 
tank  contains  a  hatching  box  made  of  wood  f  inch  thick 
and  measuring  12|  x  Hi  x  9f  inches.     The  bottom  is  made 
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Fig.    6. 


Fig.   7. 


Fig.  1.     Sectional  view  of  filter-box. 

Fig.  2.     Hatching  tank,  seen  from  above. 

Fig.  3.  Side  view  of  hatching  tank,  show- 
ing two  boxes  in  position,  with 
oscillating  bar  raised. 

Fig.  i.  One  coniijartment  of  hatching 
tank,  with  box  hinged  in  position, 
seen  from  above. 


Fig.  5.     Side    view    of    tipping-box    and 

frame. 
Fig.  6.     Elevation  of  filter,  tipping  box, 

hatching  tanks,  and  oscillating 

apparatus. 
Fig.  7.    Ground    plan    of    hatchery   and 

tank.    Same  scale. 
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uf  balked  boltiug  silk,  having  about  40  threads  to  the 
inch.  In  the  centre  of  one  end  of  the  box  is  a  shoot  made 
of  sheet  brass  3  inches  wide,  ^  inch  deep  and  1^  inch  long. 
This  fits  below  the  shoot  in  the  transverse  ^^^^n'tition 
between  the  compartments  of  the  tank,  to  which  the 
hatchinji:  box  is  attached  bv  two  leather  hino^es  fastened 
with  copper  tacks.  A  short  length  of  brass  wire,  with 
the  ends  bent  at  right  angles,  is  driven  into  the  top  edge 
of  each  box  which  is  nearest  to  the  longitudinal  partition. 
This  wire  receives  the  (•orres})onding  transverse  rod  of  the 
hinged  iron  bar,  when  tlie  latter  falls  for  the  purpose  of 
depressing  the  fiuating  l)ox.     (Sec  the  figs.). 

The  supply  of  sea-water  passes  from  tlie  large 
outside  storage  tanks  (see  photograph,  hg.  S)  through  a 
2-inch  galvanised  iron  pipe,  which  enters  the  building  at 
the  north-west  corner  (SP  in  the  figures).  Erom  thence  a 
1^-inch  pipe  carries  the  supply  to  the  aquarium  and 
laboratories,  and  from  this  a  branch  of  the  same  size 
(SP'j  supplies  the  hatchery.  Here  the  water  first  enters 
the  hlter.  This  is  a  box  made  of  wood  li  inches  thick, 
and  coated  inside  with  a  mixture  of  tar  and  pitch.  Its 
length  over  all  is  4  feet  (i  inches,  width  2  feet  4  inches,  and 
depth  inside  1  foot  4  inches.  At  a  depth  of  f)  inches  from 
the  top  a  liaiige  of  wood,  2  inches  wide  and  1  inch  thick, 
runs  round  the  inside  of  the  box,  and  resting  immediately 
on  this  is  a  rubber  washer  of  the  same  width  as  the  flange 
and  J  inch  thi(dv.  Upon  this  rests  a  frame  of  wood  4  feet 
3  inches  long,  2  feet  -^  incli  wide  and  1  inch  thick,  and 
strengthened  by  two  equidistant  cross  pieces.  To  this 
frame  five  thicknesses  of  white  Turkey  towelling  are 
fastened  with  |  inch  copper  tacks  about  1  inch  apart  all 
the  way  round,  and  a  correspmuling  length  of  galvanised 
wire  netting  of  ^-inch  mesh  is  fastened  over  the  towelling 
to  keep  it  in  place.     Above  the  frame  is  another  rubber 
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washer  and  then  a  second  similar  frame.  A  spar  of  wood, 
4x2  inches  (SE,  in  fig.  1),  rests  on  the  top  of  the  box 
and  is  securely  braced  to  the  ends.  To  its  lower  face  are 
hinged  four  pieces  of  hard  wood,  G|-  x  2|-  x  1^  inches,  at 
distances  corresponding  to  the  ends  and  cross  bars  of  the 
filter  frames.  A\Tien  these  hang  vertically  their  rounded 
ends  are  firmly  pressed  against  the  frames,  and  the 
pressure  can  be  increased  by  the  interposition  of  thin 
wedges  of  hard  wood.  Water  is  admitted  to  the  filter 
through  the  valve  in  the  supply  pipe  SP',  and  the  flow  is 


Fig.  8.     The  lish-pond,  and  the  two  large  outside  storage  tanks — 
photographed  from  the  cliff  behind  the  station, 

regulated  by  u  butterfly  valve  immediately  above,  the 
movements  of  which  are  controlled  by  a  ball-tap  arrange- 
ment ,  the  details  of  which  will  be  readily  understood  by 
reference  to  fig.  (J.  After  passing  through  the  filter 
frames  the  water  leaves  the  filter  box  through  the  1^-incli 
pipe  SP"  and  is  distributed  to  the  hatching  tanks,  where 
it  flows  downward  from  compartment  to  compartment,  so 
as  to  fill  and  surround  the  floatiug  boxes  containing  the 
ova.  From  the  lower  end  of  each  hatching  tank  it  flows 
through   a   lead  pipe  of  1   inch  bore   (LP)  to  a   1|    inch 
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(jalranised  iron  one  fWP),  Inirl  in  a  groove  in  the  concrete 
floor,  by  which  it  is  carried  to  the  tippino-  box  (TP).  The 
dimensions  of  the  tipping  l)()x  are  given  in  hg.  5.  It 
is  a  wedge-shaped  box  made  of  wood  f  incli  thick  and 
coated  inside  with  a  mixtnre  of  tar  and  pitch.  The 
bearings  (BR)  upon  which  it  works  are  of  lignum  vihe, 
and  are  screwed  to  the  base  of  the  frame  which  carries  it. 
The  bushes  are  of  brass.  At  the  back  of  the  box  is  a 
small  shelf,  npon  which  rests  a  small  box  containing  lead 
weights,  and  underneath  the  shelf  a  piece  of  wood  4  inches 
long  projects  in  such  a  way  as  to  toutdi  the  floor  when 
the  tipping  box  is  full  of  wafer,  and  so  give  the  initial 
move  in  tipping  over.  The  side  of  the  tipping  box  frame 
nearest  to  the  first  hatching  tank  has  a  ])iece  of  bar  iron 
11  inches  long  and  1  inch  wide  projecting  from  it.  This 
passes  between  the  prongs  of  two  guides,  the  outer  of 
whi(4i  is  shown  in  figs.  •'>  and  (),  TBfi.  The  inner  prong 
is  smaller  and  is  underneath  the  tank.  The  object  of  this 
is  to  kee^)  the  tipping  box  parallel  with  the  side  of  the 
hatching  tank  when  it  is  at  work. 

The  frame  in  wliicdi  tlu>  l)ox  works  is  suspended  by 
one  end  of  a  length  of  wire  rope  /dths  inch  thick.  This  passes 
over  a  ])u]h»v  of  hard  M-ood,  12  inches  in  diaTueier,  which 
works  in  a  frame  of  iron  (irmly  bolted  to  the  ceiling 
imiucdiately  above  the  box.  Tt  then  ])asses  over  another 
pulley  of  the  same  size  and  under  a  third,  to  be  (iually 
secui'ed  to  a  ling  in  tlie  ceiling.  The  frame  in  which  tlie 
third  pulley  woiks  is  Ixdted  to  the  short  stem  of  what  is 
called  the  hahnicc  beain  i  WW  in  lig.  (i).  a,  |)iecc  of 
wood  '2-j  feet,  long,  -l^  inches  wide  x  1^  inch  tliick.  The 
ends  of  the  beam  are  supported  from  the  stem  by  il-inch 
ii-on  rods.  Fi'om  I  lie  balance  beam  the  oscillating  iron 
l)ars  of  the  haiching  tanks  (()]{)  are  suspended  by  means 
pf  brass  wire.       As   a   precaution,    the   upper  end   of  the 
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frame  of  the  pulley  attached  to  the  balance  beam  is 
secured  to  the  ceiling  by  means  of  a  short  leng^th  of  rope, 
so  that  in  case  of  breakap:e  of  the  wire  rope  the  beam 
would  still  remain  suspended  (see  fijx.  6). 

When  the  apparatus  is  in  action,  the  water  which 
has  passed  through  the  hatching:  tanks  into  the  waste 
pipe  (WP)  is  poured  into  the  tipping  box.  As  the  latter 
fills,  its  weight  gradually  lowers  the  box  and  so  raises 
the  balance  beam  and  the  suspended  oscillating  iron  bars, 
and  the  floating  boxes  in  the  compartments  of  the 
hatching  tanks  rise  by  their  own  buoyancy  as  they  are 
released  from  the  weight  of  the  bars.  When  the  tipping 
box  is  nearly  full  (the  precise  moment  is  regulated  by 
the  weights  in  the  small  box  at  the  back)  it  tips  over  and 
empties  its  contents  into  the  circular  depression  in  the 
concrete  floor,  from  which  the  water  escapes  by  means  of 
the  gutter  to  the  drain  outside  the  building  (see  ground 
plan).  The  moment  the  tipping  box  is  empty  the  weight 
of  the  balance  beam  and  the  suspended  oscillating  bars 
comes  into  play,  and  the  former  falls  until  the  latter  lie 
parallel  with  the  longitudinal  partitions  of  the  tanks  and 
so  depress  the  hatching  boxes  by  means  of  the  short 
transverse  iron  rods.  The  tipping  l)ox  fills  and  empties 
about  four  times  in  live  minutes. 

When  the  hatching  boxes  (see  figs.  3  and  4) 
are  depressed  in  the  compartments  of  the  tanks,  the 
sea-water  is  forced  u])war(ls  through  the  meshes  of 
the  bolting  silk,  so  as  to  cause  ascending  currents  which 
keep  the  fish  eggs  or  embryos  suspended  in  the  water  and 
prevent  them  from  accumulating  on  the  bottom  or 
stagnating  on  the  surface.  This  mechaniral  device  for 
giving  an  intermittent  vertical  motion  to  the  water  in 
the  hatching  boxes — apart  from  the  gentle  horizontal 
flow    froni    compartment    to    compartment — is    actuated 
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solely  by  the  -sveiglit  of  the  waste  water  from  the  tanks 
filling  the  tipping  box  which  periodically  empties.  It 
has  proved,  as  the  result  of  six  years'  working,  to  be  very 
eifective  in  hatching  such  sea-fish  as  the  plaice ;  and  is 
also  suitable  for  maintaining  the  *"  berried  "'  adult  lobsters 
and  the  newly  hatched  young  in  a  healthy  condition.  At 
other  times  of  the  year,  when  not  required  for  fish,  the 
hatching  tanks  have  been  used  on  occasions  for  keeping 


Fid.  9.     'l"he  hatching  tanks  when  UM'd  for  rearing  loh>ters 
in  suniuu'r. 


iiivtMlcbi  ;iia  sucli  ;is  1 1  vdroids,  I'olvzoa,  l''(li  iiiodcnns, 
Tunicata  and  Mollusca  i.i  a  lu'ullliy  condilion  tem})()rarily 
while  under  observatio-i  oi'  while  a\\aitiiig  invesiigalion. 
Ihis  iiiechnii  i^iii  woiiM  pr()])al»'V  also  l)e  well  ;uhip(e(l  for 
rearing  experiments  with  deliraie  inveitebi  ;ijes  which 
require  some  vei-fical  moveiiienl  in  I  he  wntei':  nnd.  in 
fact,  will  be  found  1o  l)e  useful  in  Itiohigical  stations  in 
genei'nl   apail    fi-oni   (ish-hatelieries. 
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Curator's    Eeport. 

Mr.  ( 'li;i(l\vi(k  reports  as  follows  :  — 

■'  I  am  again  able  to  record  a  year  of  ])rogress  in  all 
departments  of  the  work  of  the  Station.  Even  in  that  of 
the  fish  hatchery  the  resnlts  were  better  than  the  sub- 
joined tigures  indicate,  seeing  that  our  stock  of  spawne'rs 
was  smaller  than  that  of  anv  recent  year.     The  increase 


Fig.  10.     A  general  .gathering  of  Plankton,  or  floating  organisms 
caught  in  the  tow-net  •.  No.  11  is  Pleurobrachia  (nat.  size). 

iji  the  numbers  of  workers  in  the  laboratories  is  slight 
only,  but  again  much  good  work  has  been  done  by 
students,  and .  researches  have  been  continued  by  Dr. 
Roaf,  Professor  B.  Moore,  Dr.  Pearson,  and  Messrs. 
Gravel V  and  Dakin. 
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Plankton  Muik  has  Hyuieil  still  ludie  lar<iH'ly  tlian 
last  year,  and  more  of  the  Curator's  time  has  been  tlevoted 
to  it.  In  this  connection  it  may  be  mentioned  that  the 
Ctenophoran  Pleiirohrdchui  vomiformU  was  exceptionally 
abundant  dui-ino'  the  ])revahMice  of  hot  weather  at  the 
end  of  June  and  the  beginnino-  of  July  (see  fig-.  10). 

I  have  very  little  of  a  faunistic  character  to  record. 
The  sea-hare,  Ajjlysia  jiinietaia,  was  exceptionally 
common  in  the  rock  pools  in  spring-  and  early  sunuuer, 
and  two  divers  in  the  employ  of  the  Harbour  Commis- 
sioners, who  examined  the  moorings  of  the  buoy  at  tlie 
end  of  the  breakwater  on   -luly  -ird.  reported  to  me  tliat 


V   y  f ) 


Fig.  11.     Oiu  local  "  Octopus." 

sea-hares  were  abundant  on  tlie  >an(iy  boMoin  around 
the  moorings.  The  largest  specimen  I  lia\'c  seen  nt  (uir 
local  Octoj)US,  Eledone  cin-osa  (hg.  11  i.  \\a^  hiouglil  In  by 
a  fisherman  in  March.  Its  dimensiiuis,  lai^cn  immciliatrly 
after  death,  were  as  follows;  Total  length,  'J'J  inches; 
length  of  left  inner  arm,  11  inches;  length  of  body  from 
between  the  eyes  to  the  apex,  7  inches;  width  of  head 
between  the  eye.s,  Ti  inches. 

As  in  former  yeai-.'^,  nnnnTous  ejihyra'  of  Ann  ha 
niirifa  appeared  in  the  spawning  poml  in  . January  and 
February,    and    1    took    the   opj)ortunily    of   counting    the 
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number  of  teutaculocvsts  of  800  specimens,  Avilii  a  view 
of  ascerfaininon  the  numerical  variation.  Tlie  result  was 
as  follows  :  — 

2  had     i  tciitaculocysts 


7  , 

,   6 

30     , 

,   7 

594  , 

8 

32  . 

,   9 

20  , 

,  10 

38  , 

.  11 

13  had  12 

tent 

iculocysts 

8  ,,  13 

3  ,,  14 

1  „  15 

1  ,,  16 

1  ,,  18 

Twin  teniae ulocysts  occurred  in  one  specimen  with  a  total 
number  of  4,  in  one  with  7,  in  two  Avith  8,  in  one  with  10, 
in  one  with  11,  and  a  triplet  of  tentaculocysts  in  one 
with  16. 

The  number  of  volumes  in  the  library  continues  to 
increase  slowly.  Several  valuable  additions,  for  Avhich 
our  thanks  are  due,  have  been  made  by  the  executors  of 
the  late  Mr.  Eobert  Okell,  and  a  few  have  been  purchased. 
I  have  devoted  such  time  as  I  could  spare  from  more 
pressing  work  to  the  j)reparation  of  a  card  catalogue,  but 
here  again  progress  is  slower  than  the  importance  and 
usefulness  of  such  a  catalogue  demands. 

The  Aquarium  lias  again  attracted  over  lo,000 
visitors,  and  had  not  the  weather  been  so  inclement  during 
the  months  of  August  and  September  this  number  would 
have  been  largely  exceeded,  the  total  at  the  end  of  July 
being  more  than  1,000  in  excess  of  the  corresponding 
period  of  190T.  The  tanks  liave  been  kept  well  stocked 
and  in  excellent  condition,  but,  in  the  absence  of  dredging 
and  trawling  in  the  deeper  waters  of  the  neighbourhood, 
no  organisms  of  special  interest  have  been  added.  The 
number  of  copies  of  the  "  Guide  to  the  Acjuarium  "  sold, 
over  830,  is  not  quite  so  large  as  that  of  last  year. 

The  continued  growth  of  organisms,  especially 
Sahella  penicillus  and  Mytilus  edulis,   in  the  circulation 
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pipes  has  tjlvcu  me  miuli  coiu-eiii  duiiiig'  the  year.  The 
tubes  of  the  former  and  th(>  hyssus  fibres  of  tlie  kilter 
occasionally  become  detached  and  are  carried  along  by 
the  stream  of  water  until  a  tap  is  reached,  and  the  supply 
of  water  to  the  tank  below  is  obstiucted.  The  calcareous 
spontje,  TjCiicosolenin  bofii/o/dcs,  now  <>'ro\vs  in  (|uantity 
on  the  walls  of  certain  of  the  tanks. 


F](i.  12.  Vho.  spawning  ponds. 
( 'dusidcn'able  dillicully  was  cNpci'U'iiccd  duiiiii,^  tlic 
autumn  of  li)()T  in  <-oli«M'ting'  ailuH  ]ikii(o  for  .spawning,'' 
purposes.  Of  tlie  '220  whicli  supplied  all  the  eggs  haichcd 
tills  year  1*J0  were  caught  in  our  own  traiiimel  nets,  tli(> 
remainder  being  aikhnl  by  the  Assistant  Curator  while 
on  a  trip  in  ^Ii'.  I{.  Knox's  steam  trawler  "  Tiady  Loch." 
All  these  fish  wci'(>  maintained  in  a  healthy  condition 
throughout  the  winter,  and  it  is  salislactory  to  I'ccoid 
that,    in   spite  of  a   high   jiereentage  of   unfertilised  eggs, 
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the  number  of  larvae  hatched  ic  suhstautiall}-  larger  than 
that  of  last  year.  The  majority  of  these  larva;  were  set 
free,  as  usual,  by  Professor  Herdman  from  the  yacht 
"  Ladybird  "  in  the  o])en  sea  a  few  miles  clear  of  the  Isle 
oi  Man. 

Efforts  were  renewed  in  July  and  August  to  hatch 
and  rear  larvse  of  the  common  lobster,  but  I  regret  to  be 
unable  to  report  greater  success  than  in  former  years. 
The  supply  of  female  lobsters  with  nearly  ripe  eggs  was 
again  snml],  only  20  being  brought  in  by  the  local  fishei*- 
men,  and  the  old  difficulty — cannibalism  amongst  the 
larv?e — was  severely  felt,  in  spite  of  an  abundant  and 
varied  supply  of  food.  Experiments  in  rearing  the  larva^. 
were  made  with  large  canvas  bags,  supported  on  frames 


Plaice    just   hatched 


Fig.  13.     Larval  plaice,      x  15. 

of  wood,  wliich  were  placed  la  the  spawning  pond,  and 
the  water  tlierein  abundantly  aerated  with  streams  of 
water  from  the  aquarium  and  hatchery,  but  the  results 
were  not  encouraging.  However,  over  3,000  larvae  in 
various  stages  of  development  and  including  a  few  well- 
grown  lobsterlings  were  set  free  in  the  sea ;  and  we  hope 
to  adopt  new  lines  of  experiment  during  the  ensuing 
season  which  may  give  better  results. 

The  approximate  numbers  of  plaice  eggs  collected, 
and  of  the  young  fish  set  free  upon  the  dates  specified, 
are  g-iven  in  the  followinf''  table:    - 
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Eggs  collected. 

4,000 

50,000 

25,000 

36,000 

15,000 

70,000 

89,500 

62,000 

132,000 

80,000 

294,000 

73,500 

42,000 

283,000 

126,000 

327,000 

149,000 

309,000 

408,000 

75,500 

519,000 

2()3,0(X) 

278,CX)0 

73,500 

247,000 

71,000 

168,000 

1(X),000 

144,000 

85,000 

74,0a) 

110,000 

136.000 


Date. 


Mar. 


April 


I 

jarvse  set  free 

7 

3,000 

11 

43,000 

12 

17,500 

13 

25,500 

16 

5,000 

17 

54,000 

18 

72,000 

19 

25,000 

20 

79,000 

21 

54,000 

23 

241,000 

24 

59,000 

25 

32,500 

26 

252,000 

27 

116,000 

28 

180,000 

30 

1 15,500 

1 

220.000 

2 

351,000 

4 

44. ()()() 

6 

44(),()()<) 

n 
1 

195,000 

8 

184,000 

9 

52,0(K) 

11 

17."),000 

i;5 

.")l.()0() 

14 

1.3(1. 000 

15 

79,000 

18 

97.()(M) 

20 

57,000 

21 

47,000 

22 

74,000 

');> 

63,000 

Date. 


April 


May 


2 
2 
2 
2 

8 
8 
10 
10 
11 
11 
11 
13 
13 
15 
15 
20 
20 
22 
23 
23 
27 
27 
27 
30 
30 


i 

7 

7 

15 

15 
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ay 


Eggs  collected. 

67,000 
32,000 
78,000 


5,096,000 


Date.  Larvffi  set  free.  Date. 

Apiil        24       46,000        ...  May  15 

27        11,000        ...  „  15 

29       45,000        ...  „  15 


3,748,000 


These  fio^iires  sliow  .some  advance  on  Insi  year,  and 
as  tlie  stock  of  spawnei's  (over  400)  in  tlie  ponds  this 
winter  is  considerablv  laro'er  than  before  we  have  great 
li()])es  the  coming  hatching  season  will  show  a  still  greater 
advance." 


Fig.  14.     Mr.  Chadwick  in  the  fish  hatchery. 
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Mr.    Gravely 's    IIeport. 

Mr.  ¥.  II.  (iravely,  Demonstrator  of  Zoology  in  the 
University  of  Manchester,  who  occupied  the  AVork-Table 
of  that  University  during-  a  CDnsiderable  part  of  Jnly 
and  August,  has  sent  me  the  following  note  upon  some 
of  the  observations  made  in  the  course  of  his  work:  — 

"  The  most  striking  feature  of  the  animal  life 
between  tide-marks  at  Port  Erin  during  July  this  3'ear 
(l!)()»S)  Avas  its  remarkable  scarcity;  this  was  the  more 
noticeable  after  its  unusual  luxuriance  last  year.  I  again 
visited  the  colonies  of  Tuhiildi-id  hidicisa,  var.  uhliqua,  at 
Port  St.  Mary;  only  a  single  hydranth  could  be  obtained 
that  bore  any  gonophores ;  these,  however,  were  female 
and  all  of  the  '  ohliqna  '  type.  In  connection  with  these 
I  ought  to  correct  one  statement' iii  my  last  yeai''s  repoi-t  : 
there  is  no  histological  difference  except  such  as  is 
connected  with  the  absence  of  radial  canals — between  the 
male  gonophores  of  this  variety  and  those  of  the  normal 
7'.  iiidivisa.  My  failure  to  find  the  '  conspicuous  sterile 
cells  in  the  outer  layers  of  sperm  "  in  th(>  normal 
gonophores  was  due  to  the  fact  that  the  only  specimens 
of  these  gonophores^  that  I  had  then  seen  sections  of, 
were  not  sufficiently  well  preserved  to  show  them. 

"  Since  the  last  repoi't  was  sent  in  1  have  made  a 
special  study  of  the  gonophoies  of  I'uhtihnid  hnnjn.r  from 
the  neighbourhood  of  Port  i'lriii,  and  can  now  state  what 
1  oiilv  suspected  then:  that  all  the  hydianths  I  collected 
last  year,  both  from  the  breakwater  and  from  the  Call 
Sound,  are  hermaphrodite;  and.  tuithci-,  thai  a  single 
gonophore  even  not  irifretjucnt  ly  shows  s[)ei-inatogenesis 
going  on  at  the  same  time  as  oogenesis  and  eml)ryonic 
developmcni.  Although  every  six'cimen  1  have  lound  al 
Pf)rt  I'ii'in  allows  th  h  1  imdil  ion,  Ihosc  from  olliei-  localities 
aiiiic  11   lo  l)f  diii'cious,  ;is  thev  have  alwa\s  ))ccn  l>('licv(><l 


MARINE    BIOLOGICAI.    STATION    AT    POET    ERIN.  57 

to  be.  Apart  from  tliese,  no  case  of  hermaphroditism 
amongst  hydroids  is  known,  with  the  exception  of  a  few 
isolated  instances  mentioned  as  monstrosities  by  persons 
who  have  had  to  examine  very  hirge  numbers  of  some  one 
species. 

"  HaUdysfiis  was  ag^ain  found  both  on  the  breakwater 
and  at  Fleshwick  Bay.  Port  Erin  Bay  was  frequently  visited 
this  summer  by  large  shoals  of  Medusoe — Aurelia,  Ci/aiwn, 
Mdiccitidiuni,  Turris,  Tiant,  and  Marf/c/i.s  all  being-  veiv 
abundant  on  several  occasions 

"  The  tow-nettings  proved  to  be  quite  as  good  as  last 
year.  Tornaria  was  fairly  common  again,  and  the  shear- 
net  discovered  numerous  specimens  of  the  later  stages  for 
us.  Pilidium  and  Actinotrocha,  especially  the  former, 
were  unusuallv  alnindant  durinn-  the  last  fortnio-ht  of 
Tuly.  A  new  (Jphiopluteus  was  taken  several  times  earlv 
in  August,  but  I  have  been  unable  to  find  any  description 
of  it  as  yet ;  its  most  striking  peculiarity  is  the  special 
development  of  the  ciliated  bands  at  the  bases  of  the 
arms  to  form  conspicuous  ridges,  recalling  the  '  epau- 
lettes "  of  an  Echinopluteus.  '  Ophiopluteus  mancu.'i,' 
usually  the  commonest  Ophiopluteus  at  Port  Erin  at  this 
time  of  year,  was  extremely  rare,  but  the  larvpe  of 
Ophioglypha  alhida  were  much  more  abundant  than  last 
year,  and  those  of  0 phiothrix  fragilis  were  also  very 
common. 

"  A  specimen  of  Eledonc,  which  had  died  in  the 
Port  Erin  Aquarium,  recently  sent  to  Manchester,  was 
found  to  have  its  suckers  arranged  in  a  double  row  on 
each  arm.  Dr.  Hoyle  called  my  attention  to  this  striking 
resemblance  between  this  specimen  and  the  genus 
Octopus.  In  other  respects,  however,  it  resembled 
Eledone,  and  an  examination  of  the  radula  lias  proved  it 
to  be  undoubtedly   a   specimen   of  this   genus.      I   expect 
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to  publish  shortly  a  moro  detailed  aecount  of  the 
oc'cuireuee  of  double  rows  of  suckers  on  the  arms  of 
E  led  one  from  Port  Erin,  together  with  an  account  of  the 
spawning  of  Eledone  that  took  place  in  the  aquarium 
this  summer.  (See  Memoirs  Manchester  Literary  and 
Philosophical  Society)." 

FrirriiKR    Xotes    on     \\'oin\'. 

Professor  Benjamin  Moore  ha<  continued  his  interest- 
ing observations  on  the  reactions  of  minute  swimming 
organisms  to  light  and  other  forms  of  stimulation.  These 
have  led  on  to  an  investigation  of  the  phenomena  of 
phosphorescence,  wlii(h  Professor  Moore  has  made  the 
subject  of  his  presidential  address  to  the  Bioh)gical 
Societ}',  printed  in  this  volume.  One  ol  the  most 
interesting  points  he  has  deteiniined  is  that  a  (liuinal 
pt'i'iodicit  V  is  jiresent,  iiie  oi'gaiiisni>  heconnnii'  luminous 
on  stimulation  at  night,  hut  I'ctusing  to  do  so  diiiiii<i  the 
day,  even  when  ke])t  in  a  dark  room. 

Di'.  II.  Iv  Ivoaf  continued  his  investigations  on  th(> 
digestive  processes  of  lower  marine  animals,  lie  prepared 
glvcerine  extracts  from  the  digotive  ghuuU  of  \arious 
invertebrates;  and  thm  pi'oceeded  to  tc^t  these  e\tra(ts 
foi'  digj'stive  ( livdiolyt  ic  i  enzymes  by  i  n  ve-<t  igat  ing  their 
action  on  vai'ious  food  ^InlT^.  Ihe  iJi^'estKin  of  eail)ii- 
li\'di-ate^  ami  tats  bv  the-e  e\tiact<  w  a  ■-  loiiml  to  he  almo^l 
universal.  The  iliii't'stKni  ol  pinlein^  aUo  ncciiii  cil ,  Iml 
reciuires       some       luilher       in  vol  i^al  mn.  Ifennin-like 

en/vmes  were  found,  and  se\-eia!   ol   ihe  exlraels  appearc-d 
to   cause   coagulalion    id     mammalian    blood-plasma,      'Ihe 
tail    results   oC    this   leseai'ih    are   bemn-    pnbli>lied    in    ihe 
■  I'.io-Chemical  -lournal    '   ioi    IDOS. 

The  iiivesl  igal  ion,  b\  nM'an<  id'  the  dicdge  ai\d  the 
liuul,    ot     the    tlir;e     lishing    liaiiks      the     Uallaugh,     the 
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Traill  and  the  Wart—  lymo:  in  the  Coralline  zone  to  the 
west  of  the  Isle  of  Man,  has  not  made  much  further 
progress  during-  the  past  year.  A  few  additional  hauls 
have  been  made  on  each  bank,  but  the  unsettled  weather 
durinw  this  summer  has  been  very  unfavourable  for  such 
work.  The  lists  are  not  yet  sufficiently  complele  to  form 
the  basis  of  any  comparison:  but  the  work  will  be 
continued  as  opportunity  offers,  and  I  hope  to  return  to 
the  subject  in  a  future  report. 

During  August,  Mr.  Harold  Drew,  of  Christ's 
College,  Cambridge,  now  LecUirer  on  Biology  at  the 
Plymouth  Technical  School,  acted  as  my  Sea-Fisheries 
Assistant  on  board  the  yacht,  and  gave  most  efficient  help 
in  gathering,  preserving  and  measuring  the  plankton 
samples,  and  in  taking  sea-temperatures  and  other  obser- 
vations. On  several  occasions  we  took  serial  temperatures 
with  the  Negretti  and  Zambra  reversing  thermometer, 
and  samples  of  the  sea-water  with  the  Mill  water-bottle, 
at  a  couple  of  points  (Stations  A  and  Bj  in  mid-channel, 
down  to  depths  of  00  and  70  fathoms.  These  and  the 
other  water  samples  liave  since  been  analysed  by  Mr. 
Drew  at  Plymouth,  and  in  returning  me  the  figures  for 
Ihe  salinities,  &c.,  he  remarks  as  follows:  — 

'■  You  will  notice  that  there  appears  to  be  a  complete 
reversal  of  conditions  between  August  24th  and  September 
12th.  On  August  24th,  the  water  of  lowest  salinity  is  at 
02  fathoms,  and  the  water  of  highest  salinity  at  20 
fathoms,  and  from  20  fathoms  to  the  surface  there  is  a 
sliofht  decrease,  but  the  general  condition  mav  be  taken 
as  hierh  salinitv  above  and  low  salinitv  below. 

'•  On  September  12lh,  the  water  of  highest  salinity 
is  below  and  of  low  salinity  above.  There  appears  to  have 
been  an  inflow  of  cold,  high  salinity  water  along  the 
bottom.       The    difference    between    temperatures    of    the 
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bottom  samples  is  wcl]  iiuukcd,  ami  is  much  iiiuic  than 
would  be  accountt'd  loi  jiy  ihc  di  tlmciict'  ot  the  suitact' 
tempiMaturos. 

■■  i  think  the  hydioo'i  a])hical  conditions  in  the 
ueio-libourhood  would  be  of  ^-rcal  inlcicsl  it  moic  ficMpuMil 
observations  c(uihl  be  taken.'" 

In  three  out  of  four  series  ol  tcuiperatures  taken  by 
Mr.  ])rew  and  myself  on  Au<iu->t  ITlh.  Auo'ust  24th,  and 
September  \2\]\,  tlic  hi<i'best  teiupt'ialure  was  found  to  l)e 
near  the  bottom  at  a  depth  of  between  •')()  ami  7  1  fathoms, 
but  ill  tlie  fourth  series  -the  coldest  waU'r  was  at  the 
bottom. 

I  think  Mr.  Drew  and  1  are  agreed,  however,  that 
these  observations  are  too  few  and  sjioi-adic  lo  draw 
conclusions  from,  ^loreovei",  1  wish  to  ri'])eat  the  ol)scr- 
vations  more  systematically  wilh  other  waler-botth>s  and 
otlier  reversing  theiinometers.  I  have  siuce  obtained,  foi' 
use  on  the  yacht  next  season,  the  liuchanan-l'iehard 
water-bottle,  as  iised  by  the  Priuce  of  .Monaco,  and  the 
I'lkman  w  alei-bolt  h".  supplied  by  (he  Internal  ional 
' 'fiilial-laboratory  al  Christ  iania,  ami  two  (d'  the  Inter- 
national reversing  therinoinetcrs  made  l)y  Hichter  of 
hdlin.  So  it  will  now  l)e  ]»o-;sil)l('  to  try  Ihrec  dittcrent 
water-bottles  and  three  i-evei'siiig  t  hei  inoinelers  against 
one  another  and  com])are  rc^sulls. 

.Ml'.  Drew  has  also  kiudly  examined  for  relative 
alkalinitv  >ome  samples  of  sea-water  tiom  our  stoiage 
tanks,  the  A(|U;iiium  oulllow  and  the  lish-pond.  The  \-ei\ 
mai'ked  reduclion  ol  alkalinity  which  he  linds  in  the  walef 
n\'  tile  pond  he  considers  to  he  probably  due  lo  the 
presence  fd'  iilamenlous  Hadetia  and  .\lga',  wlii<di 
increase  greatly  during  the  hue  summei.  These  are 
removed  w  lien  the  pond  is  cieane.l  at  the  end  id  September 
prepaiattuy    to    ihe   spawning   season.       Mr.    Diew    ad<ls    to 
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tiie  above,  wliich  lie  lias  seen  in  proof: — "A  slight  but 
definite  reduction  in  alkalinity  was  found  in  the  water 
from  the  Aquarium  outflow,  produced  during  the  passage 
of  water  through  the  tanks.  This  emphasises  the  fact 
that  in  an  Aquarium  such  as  that  at  Port  Erin,  where 
water  is  onlv  allowed  to  circulate  once  through  the  tanks, 
natural  conditions  are  much  better  approximated  than  in 
Aquaria  where  the  same  water  is  pumped  again  and  again 
through  the  circulation,  thus  steadily  diminishing  in 
alkalinity  with  each  passage  through  the  tanks.  Port 
Erin  enjoys  nearly  unique  advantages  in  this  respect,  the 
water  being  naturally  so  clear  that  there  is  no  need  for  a 
large  storage  and  })reci})itation  tank."' 

PlAXKTOX     IxVESTKiATIOXS     AT     PoRT     ErIX. 

In  continuation  of  the  work  reported  upon  last  year, 
Mr.  Andrew  Scott  and  I  published  in  the  "  Lancashire 
Sea-Fisheries  Report/'  in  May,  1908,  a  full  and  detailed 
account  of  the  investigation  of  nearly  900  gatherings 
taken  in  the  year  190T  in  the  northern  portion  of  the 
Irish  Sea,  and  of  which  about  6-30  are  from  a  limited 
area  in  the  immediate  neighbourhood  of  Port  J^^rin.  At 
the  south  end  of  the  Isle  of  Man,  where  these  gatherings 
were  taken,  there  are  very  important  hshiug  grounds, 
which  are  frequeuted  by  trawlers  from  Lancashire  and 
from  Ireland,  as  well  as  by  the  Manx  fishermen.  This, 
as  well  as  the  circumstances  that  we  have  there,  within  a 
few  miles,  a  sheltered  sandy  ba}',  an  exposed  rocky  coast, 
a  narrow  strait  through  which  strong  tides  run,  and  an  area 
of  open  sea  with  depths  reaching  to  70-80  fathoms,  has  led 
me  to  coniider  Port  Erin  a  very  suitable  locality  for  a 
thoroughly  exhaustive  or  intensive  study  of  the  Marine 
Plankton.     I  propose  to  give  here   a   short   summary  of 
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o\iv    main   eon(•lu^^^ollK,    as  published,    and    a    coiuparisuu 
witli  the  results  for  1!)0(S,  so  fai  as  these  are  yet  known. 

I  think  it  desirable  to  point  out  here  that  the  sea  off 
l*ort  Erin  cannot  be  rejjarded  as  an  exceptional  locality. 
The  narrow  strait  known  as  the  Calf  Sound  (IV  on  map 
below),  where  the  tiiUiI  cuiicnls  run  witli  •••I'eat  velocity 
is,  no  doubt,  exceptional  in  some  respects;  but  the  open 
sea,  five  to  ten  miles  oft  land  fl  and  II  on  map),  has  no 
pliysical  j)eculiarities  such  as  would  h'ad  us  to  expect  any 
unusual  {li>tribution  of  organisms. 
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\\  iii;i\-  ))(•  usctul  to  i'e])ral  here  the  s;uiic  lillh-  iiia|i 
Ihal  I  ii-cil  hisl  yeai  in  oi'der  to  show  the  hicalilies  al 
which  the  L;'al  htMiii;4's  wcic  taken.  The  nets  used,  it  will 
br  reiiMMiibered,  were: — 'I'wd  closiiin'  vertical  nets,  the 
Xaiisen  and  the  I'eleiseii- 1 1  ciiscui ,  a  \\ei<;'lited  and  Iwn 
sui'face,  open,  horizontal  low-nets,  all  made  nf  No.  "JO 
boltiii<:  silk:  and.  in  addition,  a  co;ir>er  silk  tow-nel 
(Xo.  (I  >ilk)  and  a  lar<>'e-ineshed  shear-net  (see  li<i-.  1')) 
only  us(m1  occasionally. 

In  tlio  summer  oi  the  |iic-enl  year  (liHIS)  we  used, 
ill    iiddition,    anotli"!     suilace    lnw-net    suspended     IKiin    a 
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pulley  in  sucli  a  mannei-  lliat  in  a  loug'li  sea  a  few  yards 
of  line  could  be  let  out  during  the  strain  of  a  wave  and 
recovered  again  when  slack,  so  as  to  keep  the  pull  on  the 
net  about  constant.  We  also  used  on  occasions  the  small 
hsh-uet,  or  "  yngel-trawl,"   of  Petersen   (fig.    Ki),   which 
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Fig.  15.     The  moiitli  of  the  "shear-net. 
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Fig.  16.     '■  Yngel-trawl,"  with  "  otter-buards  "  :   a,  mouth. 

obtained  much  the  same  kind  of  catches  as  the  shear-net. 
During  the  Easter  vacation  of  1!J08  (April  11th  to 
29th  inclusive)  I  took  1(S6  gatherings,  in  lo  working  days 
(an  average  of  over  12  per  dayj,  which  will  serve  to 
compare  with  those  taken  during  the  corresponding  period 
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of  1!M)T.       Ihc  number  of  Diatoms  does  not  a^jpcar  to  be 

so  <j;Teat  tliis  year  as  iii  lilOT.      The  spriiij^-  maximum  does 

iioi   reach  to  siieh  a   heio-lit,  and  is  certainly  mueli  later 

than  was  the  case  last  year.      Lookinf>'  first  at  the  volumes 

of  the  catches.  tJie  monthly  averag-e  in  cubic  centimetres 

for  the  tirst  four  months  of  the  year  1908  is  as  follows: 

•January,   U"8 ;    February,    ()"(i;    March,    1'8 ;    April    7' I  : 

showinjT  an  increase  in  March,   which  became  still   more 

marked  in  April,  but  is  small  cdmpared  \\ith  thai  in  l')()7. 

The  averajSj^e  haul  durin^-  Ajuil,   1!)08,   with  the  dit'l'ereut 

nets  used  is  :  — - 

Heuscu.       Nanseii.       Surface       Surface      Weiyiit-iiel.     Surface     Shear. 
(No.  20).      (No.  6).  '  (Ba.y). 

0-6  l-4t2  2-77         3-45  4-18  o-o  15 

Slidwin^''  nrucdi  the  same  projxutituis  IxMween   the   nets  as 
in  the  previous  year,  but  smaller  numbcis  thiouohonl. 

In  1!)08,  however,  the  cat(dies  of  Diatoms  continue 
relatively  hioli  throughout  May  and  -luiu'  ami  then  drop 
rapidly  in  -Inly  and  August.  The  cuive  for  the  total 
plankton  seems,  so  fai'  as  our  examination  of  tlic  results 
lias  goiu',  to  follow  much  the  sanu'  c(nirsc.  I'he  maxima 
in  the  various  yioujjs  seem  all  to  bi'  later,  and  less  markeil, 
in    1!H)S  than   they  wcie  in  1!>()7. 

In  the  summer  id'  1!)()8  1  took  "JiiS  gat  heiings  in  the 
sea  off  Poi'l  J'jin  in  '21  days,  which,  with  Mi',  ('hadwick  s 
weekly  gatherings  in  I'ort  I'liin  Hay  during  the  icmaindei 
of  the  yeai',  will  bi  iiig  the  total  for  IIHIS  up  to  about  o(i(>. 
in  addition  to  the  sam})les  taken  by  the  Lancashir(>  Sea- 
Fislieries  steamer  during  hei'  periodic  ciuisi's.  Mi.  Scoit 
and  I  are  still  engaged  in  examining  and  <liscussiiig  the 
summer  leatherings,  l)iit  >o  fur  as  we  hav(^  g(Uie  there 
seems  no  doul)t  that  all  the  gatherings  in  li)()8  were,  on 
the  average,  smaller  than  in  r)()7,  and  that  tluu-e  was  no 
marked  Diaimn  maximum  this  last  aulumii.  In  11)07 
there  was  a  marked    Dialom    rise  dunii'r  the  last   few  da\s 
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of  September  (fig.  17),  due  in  the  main  to  the  great 
abundance  of  Rhizosolenia  semispinn,  while  in  1908  the 
catches  remained  small  and  of  the  usual  summer  type 
until  far  on  into  October.  It  is  only  on  October  15th 
and  Kith  that  we  notice  any  marked  increase  in  the 
number  of  Diatoms  in  the  gatherings,  and  even  then  it  is 
not  comparable  with  the  phenomenon  of  the  previous 
autumn.     The  Diatom  ThaJassiosivd  nurdenshioldii,  which 


f^o-<  A,fi  r^o.^  ju.v,i  j>^u,  Au.3  Stj,r  oa 
Fit*.  IT.  Curve  for  total  Diatoms  in  19(!7. 
was  so  abundant  in  1907.  was  very  poorly  represented 
this  year;  while  some  of  our  1908  collections  have  been 
unusually  rich  in  Peridinians.  Xoctiluca  (ho-.  18), 
has  been  umi>ually  abundant  this  autumn.  Mr.  Scott 
collected  a  pure  sample  of  150  c.c.  on  September  !25tli,  at 
Piel,  and  estimated  that  there  were  then  two  millions  per 
gallon  in  the  water  of  the  Barrow  Channel. 

I  now  turn  to  some  of  tlie  conclusions  that  were 
drawn  in  the  last  Sea-Fisheries  Report  from  a  study  of 
the  detailed  figures  for  1907  ;  and  I  shall  illustrate  them 
by  a  few  diagrams  which  were  used  in  a  Presidential 
address  to  the  Linnean  Society  last  May.  The  blocks 
have  been   kindly  lent   by   the   Council   of  that    Society. 
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It  is  clear  that  some  of  the  great  seasonal  variations  in 
the  plankton  are  not  due  to  changes  in  the  sea-water  such 
as  are  recognised  in  hydrogra])hic  observations,  but  are 
caused  simply  l)y  the  normal  sequence  of  stages  in  the 
life-histories  of  organisms  throughout  the  year.  No 
amount  of  ''  hydrographic  '"  change  in  the  water  will 
determine  the  presence  of  Echinodci  in  la i  vie  at  a  time  of 
year  when  tlicy  are  nc)+  [jroduced.  noi  of  Crab  ^regalo])as 
when  they  do  not  naturally  occur. 

Three  factors,  at  least,  conti'ibute  to  the  constitution 
of  the  ])lankt()n  from  day  to  day  throughout  the  year:  — 

(1)  The  sequence  and  periodicity  of  stages  in  the  life- 

history  of  the  organisms: 

(2)  Irregularities      due      to      tlu'      inter-action      of 

organisms,  as  when  one  group  serves  as  the  food 
of  another ; 

(3)  Periodic    changes    and    abnormalities    of    either 

time  or  abundance  caused  by  the  nature  of  the 

sea-water  or  by   weathei'  conditions   which   may 

either  determine  or  prevent  the  normal  or  permit 

of  an  abnormal   development  of  certain  species. 

The    appearance    of    swarms    of    lialanoid    Xauplii, 

followed  after  an  interval  by  the  '' Cyjuis  "  stapre,  is  an 

example  that  comes  under  the  first  head.     The  disap])ear- 

ance   of   Diatoms   when    used  as   food   by    the    increasing 

swarms  of  Cojiepoda  and  other  Crustacea,  both  larval  and 

adult,   and  of   the  Copepoda    in    tiii'ii    when   cntten   by   the 

develo})ing;  ])ost-larval  fish,  are  changes  falling  under  the 

second    head.        The    great    increase    in    the    number    of 

Diatoms   in   spring,    when   tlic   jjhysical    condition    of   the 

sea-water  has  become  favourabh'.   the  (MMUinous  develo])- 

ment   of  DinoHageUates   which    may    lake  place   suddenly 

in  autumn  under  unusual  weather  corulitions,  the  almost 

iotal   siij»|)ressi(in  (d'  ;i  gimi])   ^ncli   ;i^  the   Mcdusa-   in  >unic 
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localities  in  an  unusually  stormy  summer,  and  the 
immigration  of  a  species  or  a  group  of  species  from  the 
open  ocean  or  from  a  neighbouring  sea-area  as  the  result 
of  variations  in  the  hvdrographic  conditions,  are  all 
examples  that  may  be  classed  in  the  third  category. 

Two  or  all  of  these  factors  may,  however,  be  at  work 
together,  and  so  the  explanation  of  any  particular  change 


Fig.  18.     Protozoa  and  Diatoms  (highly  magnified). 
1—3,  Dinoflagellates  ;  5,  Noctiluca  ;  8-11,  Diatoms. 

may  be  a  very  complicated  problem.  The  increased 
development  of  a  group,  or  the  immigration  of  a  species, 
may  so  disturb  the  balance  of  nature  as  to  be  followed  by 
unusual  changes  in  other  groups. 

The  results  of  the  hauls  obtained  on  April  9th  and 
10th    in    Port    Erin    Bay  are   good    examples    of   a    local 
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plankton  mainly  composed  of  Diatoms.  It  is  noticed  in 
ninninp-  Hie  eye  down  the  jifionps  that  whereas  the 
Diatoms  nccnr  in  thousands,  extending-  up  to  even 
100,000,  the  Dinoflagellates  are  in  hundreds,  extendinfv. 
at  most,  to  a  thousand;  the  Copepoda  are  in  tens,  rarely 
reachinp-  a  hundred  or  two,  \vliilt>  the  tish-epp-s  are 
scattered  unils,  such  as  1  and  'J.  'V\\c  general  character 
of  llir  liauls  on  April  ilth  is  that  there  are  ten  times  as 
iiiauv  Copepods  as  tish-epfgs ;  leu  times  as  many  Dino- 
tiapeUales  as  Copepods,  and  ten  times  as  many  ])iatoms 
as  Dinotlafjcllates,  per  species.  On  the  following  day, 
Aj)iil  10th,  the  ])roportions  are  somewhat  the  same,  and 
it  we  ])i(k  out  tlie  largest  numhers  re<'oi(led  in  each  of 
these  groiips  these  may  be  described  in  the  case  of  each 
dav  as  units,  hundreds,  thousands,  and  tens  of  thousands, 
or  ihereabouls.       (See  fig.  IS). 

Diatoiii>.  I  )lii>iilii2;enales.     Copepods.     Pish-Eggs. 

April    9^100,000  1000  250  :2 

.\})ril  10—  90,000  -Hm)  780  8 

Very  much  the  same  relations  were  found  to  obtain 
about  tlie  middle  of  April,  li)08. 

As  anothei'  example  of  the  same  run  of  ligui'es  in 
these  grou])s  we  note  that  in  u  surface  haul  \\".  of  the 
Calf  Island,  oil    March  20th,   the  total 

Diatoms           amouni  ic>  7'2,65l) 

Dinoflagellates           ,.  ...  :{,500 

Copepoda                      ,,  ...  363 

Fish-Eggs                   ,,  ...  93 

Generally 'speaking,  tliese  |)roport  ions  hold  good  foi- 
maiiv  of  the  series  of  hauls  not  only  lu  the  Hay.  but  also 
from  t  he  open  sea  outside.  Fig.  19  shows  hy  i  he  proport  ions 
of  the  hiack  squares  the  numbers  of  iu<lividuals  coiilaine'l 
in  the  greatest  hauls  (d'  Diatoms,  ( 'o|)epods,  I  )iii(i||aoc||ata, 
(hkopleuia,   and   Sagitia   resj>ecl  ivcly. 
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]_)iArof 


Fig.  r.».      Diagram  showing  maxinuim  hauls  in  the  year  1907. 

Lists  compiled  from  the  j^atheiings  and  curves  drawn 
from  these  lists  show  that,  as  a  consequence  of  the  three 
factfHK  noted  above,  certain  ffroups  and  certain  prominent 
species  differed  from  one  another  jjreatly  in  their  relative 
abundance  throughout  the  mouths  of  the  year  (see  tig'.  20). 

•Jan.      Feb.      Mar.      Apr.      May     June     -July     Aug.     Sept.     Oct.      Nov.     Dec. 


Diatoms 
Dinoflagellates 

Ceratium 
Sagitta 

Tomopteris 

Copepoda 
Microcalanus 

Anonialocera 

Centropages 

Teniora 

Cladocera 

Oikopleura 
Total  Plankton 


— ^ II         ^ 

» 

» 


Fig.  20.     Distribution  throughout  the  vear  1907— diagrammatic. 
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Thus,  the  Uiatoms  took  on  au  enormous  development 
in  early  sprino^,  and  reached  their  maximum  in  April, 
then  died  down  durinq-  the  summer,  and  rose  again  (in 
1907)  to  a  second  but  much  less  important  maximum  in 
autumn  (tig.  21j.  It  must  be  borne  in  mind,  however,  that 
the  species,  and  to  some  extent  the  genera,  that  formed 
the  autumn  increase  (C hcetoceros  suhiile  and  species  of 
Rhizosolenia)  were  quite  different  from  those  present  in 
spring  (e.g.,  Chcefoceros  contortuni  and  species  of  Thalas- 
siuslra);  and  also  that  in  1908  the  autumnal  rise  was 
scarcely  perceptible. 


OHorucuiMit 


PORT    E.RIN   PLANKTOM      1907     NUMCRICAL    PROrORTIOM   Or   SOMt  CROUPS 

Ki(..  -n. 

From  the  list  of  the  total  plankton  ibroughoul  the 
year,  reduced  to  the  average  per  net  per  day,  it  is  seen 
that  tlie  greatest  bulk  of  plankton  in  I  lie  water  is  in  April, 
when  tlie  total  catches  ir  the  day  reached  an  average  of 
ol  c.c.  ])er  haul.  ( )ther  lessei  el.'vations  are  seen  in  -lune 
with  20  c.c.  and  August  with  2o  i-.r.  The  catch  in  some 
individual  hauls  runs  a  great  deal  highei'  than  these 
averages,  the  tnp  score  being  the  .\anscn  net  (ui  .\])iil  Hh, 
with  Itil'o  i-.i-.  Fig.  22,  showing  the  average  li;iul  of 
plankton  pec  tndnth,  brings  out  the  gr(at  i-ange  ;ind  the 
remarkable  diversity  between  some  adjacent  months.  The 
sj)ring  ma.\iniuin  in  the  amount  (»!'  the  ]il:iii j^inn  is  eleai'ly 
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due  to  a  great  and  sudden  increase  in  the  amount  of 
Diatoms  present  fsee  fig-.  21).  The  other  rises  seen  later 
in  the  year,  as  in  -Tune,  August,  and  to  a  slighter  extent 
in  October,  are  less  marked,  and  are  less  clearly  due  to 
one  cause. 

The  hauls  taken  on  an  off-shore  station,  on  April  5th, 
sho\A'  the  condition  of  affairs  during  the  spring  maximum 
of    the    Diatoms,     when     14     millions     of    one    species, 

r     A< 


Jo-n      r»fc     Wa»      A/i'      Mai^    Junt     J-Zj    Aug     5e|.t     (Dct     Nove    D« 

Fig.  -I'l.     Diagi-am  showing  average  haul  of  Plankton  per  month  in  1907. 

Chop.tocerox  contortvin,  were  present  in  one  haul  of  the 
Xansen  net.  The  total  number  of  Diatoms  in  that  haul 
was  nearly  17  milliobs,  including  two  millions  of 
Thalassiosira  nordensTcioldii.  Comparatively  few  Cope- 
poda  and  other  organisms  were  present.  The  two  surface 
gatherings  of  this  date  were  moderately  alike,  the  same 
organisms  were  present  in  both,  although  one  net  had, 
in  some  cases,  about  twice  as  many  as  the  other ;   but  still 
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the  hauls  were  of  the  same  o-eueial  type  and  th(>  quantities 
were,  iu  most  eases,  uot  very  ditt'erent,  showiiiu-  that  one 
can  ^et  a  f>'Ood  general  idea  of  \]\c  fauna  hy  such  hauls, 
but  that  (uie  cannot  dejiend  upon  ilieir  binag  minutely 
representative.  They  may  >how  s(uuething  like  double, 
or.  on  the  other  hand,  perhaps  only  one-halt  the  (juantity 
of  organisms  obtained  in  neighbouring  hauls. 

For  eomparison  with  su(  li  gatherings,  wc  may 
examine  the  similar  series  taken  hite  in  August  from 
;il)out  tile  >ame  locality.  On  August  'Jlst  there  are 
practically  )u)  Diatoms  })resent,  luily  a  very  few 
individuals  of  Bkldul ph'xi  niobilictisis.  On  the  other 
hand,  the  ( 'opepoda  are  much  more  abumhmt  than  they 
were  in  April ;  for  example,  take  Oitlwiui  .nnil/l.s,  of  which 
only  tens,  amounting  at  most  to  a  few  hundreds,  were 
present  in  April,  while  thousands  (reaching  el(>ven 
thousand  in  the  weighted  net)  were  in  the  August  haul. 
Other  interesting  differences  can  be  noticeil  (ui  comparing 
the  two  lists  (given  in  the  Sea-Fisheries  IJeport  in  full) 
in  detail. 

The  ('o])epoda  have  two  maxima  in  I'MIT,  the  lirst  in 
A])rii  and  the  second  in  Seplember  and  (  Ictolier.  The 
records  start  in  Januai-y.  with  about  'J. (100  per  haul,  and 
keep  ])elow  tli;it  le\'el  thi-oiinhout  l'\'l)iii;i  ly  ami  most  of 
March.  During  .\pril  they  'apidly  iiKUint  up  with  a 
series  id'  successively  highiT  record-,  with  tails  between 
such  as  Ajuil  'Jnd,  4,")00:  April  l-'.lh.  10. TV".;  .\piil  Kith. 
ll.liOO:  till  the  climax  is  readied  (Ui  .\pril  'JTIh.  with 
'J!),.S2').  During  May  the  numbers  are  Inw.  1,01')  to  (i.")0.): 
in  -lune  the^■  rise  ><(unewlial,  l-i.(ilO  mi  lli(>  lltli  and 
l."»,|.")0  (III  the  "JTth.  tailing'  atiaiii  In  Inly  In  numbers 
between  'J, 8!)")  and  T.D-IO  .\ugii-t  shows  a  serii^s  (d'  rises 
with  falls  between,  \hr.  tops  being  IS.L'OO  on  the  10th. 
1IJ,4U(J  on  the  14th,   14,700  on  the  l")th,   Id,!)!',  ,,ii    the 
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24tli,  and  10,970  on  the  "JOtli.  September  beo-jus  at  a  low 
level,  reaches  11,042  on  the  -Itli,  and,  with  falls  l)etween 
27,177  on  the  12th,  13,440  and  27,-';i2  on  the  20tli, 
followed  by  10, 082  on  21st,  18,430  on  2:;rd,  ll,8-")0 
on  24th,  and  12,110  on  30th.  October  is  also  high,  with 
lG,97.-i  on  the  9th,  27,790  on  14th,  and  ^,480  on  24th. 
November  shows  one  high  figure,  10,937  on  the  8th : 
Avhile  December  ranges  from  1,724  to  2,70o;  the  year's 
record  ending  very  much  at  the  same  level  where  it 
commenced  in  January.  The  range  in  number  of  the 
Copepoda  per  net,  30  to  29,800,  is  considerable  compared 
with  that  of  some  groups,  but  does  not  equal  that  of  the 
Diatoms. 

The  monthly  averages  of  the   Copepoda   during   this 
year  (1907)  are  as  follows:  — 


Jan. 

...     1,816 

-July 

...     5,462 

Fel).     ... 

793 

Aug. 

...     5,496 

Mar.     ... 

...     1,379 

Sept. 

...     6,514 

Apr.     . . . 

...     5,858 

Oct. 

...   17.572 

May     ... 

...     3,415 

Nov.        ... 

...     6,923 

June    ... 

...   12,138 

Dec. 

...     2,289 

The  highest  averages  her  (June  and  ()ctober)  do  not 
quite  coincide  with  the  maxima  (April  and  September- 
(Jclober)  as  stated  abo\e  where  tiie  days  were  taken  singly. 
The  explanation  is,  of  course,  that  although  April  contains 
a  maximum  far  above  that  of  June,  it  also  contains  in  the 
earlier  part  of  the  month  many  low  records  that  pull  down 
the  average  when  the  mouth  is  treated  as  a  whole.  The 
maxima  in  high  average  bidk  of  catch  extending  over  the 
month,  but  not  in  exceptional  catches,  are  seen  from  this 
list  to  be  in  June  and  October,  and  especially  in  the  latter. 

If  we  look  now  for  the  largest  individual  hauls  of  a 
single  species  of  C'opepod  we  find  (hat  they  occur  in  April, 
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August,  and  Sp])feinbei\       I  ln'  follnwinp'  aro  soiiip  of  the 
ruure  important  of  tbeso  : 

April    9 — Pseudocalanus  elongatus      ...  16,000 

9— Temora  longiconus    ...          ...  19,000 

23 — Calanus  helgolandicus           ...  13.480 

24— Acartia  clausi 28,000 

Aug.  13 — Oithona  i^imilis           14,000 

17—  ..             .,              25,000 

24 — Acartia  clausi              29,000 

27—       „           24,700 

29 — Pseudocalanus  elongatus     ...  23,000 

Sept.    4 — Acartia  clausi  23,600 

4 — Pseudocalanus  elongatus      ...  36,000 

12—  „  .,  ...  33,600 

18—  .,                    .,            ...  25,000 
20— Oithona  similis           29,270 

These  also  bear  out  the  idea  of  maxima  in  April  and 
ill  autumn,  the  latter  bein^  the  more  important  one;  in 
both  cases  they  follow  the  phytoplankton.  As  a  rule,  a 
haul  rich  in  Copepoda  has  few  Diatoms,  and  vice  versa, 
but  the  Copepoda  flo  not,  like  the  Diatoms,  present  ffreat 
maxima  iind  marked  depressions.  Kven  when  lioth  frjonps 
are  present  in  the  plankton  we  frequently  hud  that  they 
are  in  ditterent  zones:  for  examjjle,  in  some  April  hauls 
in  1907  the  Diatoms  were  marUedly  on  the  surface  and 
the  ('(nx'iKida  below,  wliiic  later  in  the  year  these  |)Ositions 
weie  reversed. 

The  distril)uri'iii  ol  parlioilar  ( 'o))e])(>da  [i'ulan.u!^, 
Aiio/iiulorera,  M irroca/a/ius,  Psei/docii/mius.  ( 'eiif n>/tn(jes, 
Temora)  have  l)een  followc'l  separately,  and  Nome  of 
these  form  inteirsting  studies,  ('nhiniix,  l'<n  iidoniliniu^, 
Centropnrfes,  and  '/'(nioru  are  prestMil  throughout  the 
vear:  A  nomn/ni i m  apjx-ai's  in  oui-  districi  in  s|)ring: 
M  i(  rill  III  II  nil.-    1)1   late  antumti. 

The  I)iat(uii  tauna  m;i(le  it>  appeaiauce  again  in 
Septembei.  I9()T  dig.  21).  Tlie  two  suiface  nets  on 
Seiilember    I'Jtli    show    very    large    iiiiiiib('i>    nj'    Diatoms, 
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extending  up  to  l-j  millions  and  16  millions  in  single 
hauls  in  the  case  of  RhizosoLenia  seinispina — in  fact,  this 
highest  peak  in  the  September  luaAimum  of  Diatoms  is 
mainly  com^^osed  of  this  one  species  oi  Bhiza^olcnia. 
whereas  in  the  spring  maximum  the  bulk  of  the  catch  is 
made  up  of  Cfuetoeei-os  contortum  and  Tlialassiosira 
nordenskioldii ,  species  that  are  rare  or  altogether  absent 
in  September  gatherings.  The  genus  Tltahi.-^sio.nrd  is 
mainly  a  spring  form,  rarely  present  after  ^ay,  and  is 
not  represented  in  autumn  in  this  years  results. 

When  a  comparison  is  made  between  the  three  similar 
open  tow-nets  which  were  worked  together  for  fifteen 
minutes  at  a  time — two  at  or  close  to  the  surface,  and  the 
other  weighted  so  that  it  was  lowered  to  a  depth  of  about 
ten  fathoms,  and  gradually  rose,  as  the  boat  went  slowly 
ahead,  to  a  depth  of  a  foot  or  two  below  the  surface  -it  is 
almost  invariably  found  that  the  weighted  net,  with  its 
wider  range  through  the  deeper  layers  of  \Aater,  gave  a 
larger,  sometimes  a  much  larger,  quantity  of  organisms. 
The  only  exceptions  to  this  rule  are  on  some  occasions  in 
April,  when  the  sea  was  full  of  Diatoms  and  the  surface 
nets  gave  very  large  hauls,  equal  to,  or  even  exceeding, 
the  deeper  ones.  But  even  during  the  Diatom  maximum 
in  April  some  days  showed  more  in  the  weighted  tliau  in 
the  surface  net's.  For  example,  on  April  lOth,  at  along- 
shore Station  III,  the  surface  gave  ll'o  and  the  net  at 
one  fathom  19'5  c.c,  and  the  total  Diatoms  were  27, (MX) 
in  the  former  and  188,000  in  the  latter. 

In  some  cases,  as  I  showed  last  year,  the  two  similar 
surface-nets  worked  tfhge^^^her  gave  dissimilar  results. 
Even  when  the  results  are  very  much  alike  quantitatividy, 
they  may  be  very  ditferent  qualitatively,  and  it  is  by  no 
means  always  the  two  hauls  that  are  most  alike  in  hulk 
that  agree  best  in  the  kind  and  number  of  organisms.      It 
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will  pinb;tl)lv  1)1'  afjTPed  that  ii  is  unlikely  that,  with  the 
lartfi'.  varit'd  and  iri'ej>'ulail_v  scattertMl  |K)iiuhit  inn  that 
we  find  the  si'a  tu  contain,  two  nets  .shouhl  ollcn  t  atch  the 
sainr  (piantities  of  Hu-  same  sets  of  ()iL;aiii>ins.  ('on- 
se(|Uently.  a  result  like  that  obtained  on  April  J'Jnd.  w  hcie 
the  two  nets  caufi'ht  |ti('cisely  the  ^inie  ainnunts  and  where 
the  lists  of  orti'anisnis  const  it  ut  iny-  the  hanls  arc  almost 
exactly  alik<'  both  in  kinds  and  numbers,  is  interesting-. 

( )n  considerin*,'-  the  Diatom  li>t,  some  other  points 
c(Mne  out  : --The  avera<>'c  number  of  ])ialom>  |)cr  catch 
often  varies  consideiably  from  day  to  day.  Thus  on 
April  oth  the  avera<>'e  of  all  catches  of  that  day  was 
;{,•>{•■;, «()(),  while  oji  Aj.ril  (Ith  it  fell  to  o-iS,7.3():  on  April 
24th  if  was  li)l,.ST;j.  while  on  Aj)ril  '-ioth  it  was  only  (»(>'>. 

Hut  these  numbers  scarcely  <:ivi>  an  ade(iuat(>  idea  of 
the  (luantitative  variation  amonj^'  individual  catches. 
'Ihus  on  Septembei'  lOth  suiface-nets  A  and  H  cnntained 
'<?•')()  and  •")")U  respectively  while  two  days  later  tlic  corres- 
poudiug  numbers  were  l'i,4!)").")()0  and  1(1, '{()(), -jdO :  on 
April  <Sth  two  hauls  (d  the  Nansen  net  ;.;avc  respectively 
IDS, 000  and  M.T^iK.UOl).  and  many  other  such  cases  could 
be  quoted. 

'rurninr«'   now  to  the   Diatom    hauls  within    I'oil    JMin 

Hav,  a  jj;enei'al   inspection  nf  an   un>mootlicd  cuive  diawii 

fi'om  them  shows  the   w(dl-maiked    maximum   at    llic   end 

of  Maridi  and  eailiei    piiil  (d    .\pril  (fi<i'.   1  7  i.      'I'lie  niarke<l 

increase  of  Diatoms,  ami  alsn  nl   ('(i|)epiid    Nauplii,   is  seen 

well  in  tjie  followino-  iliiee  suitace  hauls: 

Maicli  2t).  Miuch  27.  Maich  2V. 

12  c.c.  14-5  c.f.  18-5  c.c. 

Total  Diatoms  =  220,000  ...  277,000  ...  326,000 

Biddnlphia  mobiliensis     ...  40.000  ...     oO.OOO  ...  58.000 

Chaetoceros  Hehile 0,000  ...        8,()(iO  ...  10,000 

decipiens   ...  100.000  ...    b')0,000  ...  160,000 

CoHcinodiscuH  concinnus  ...  64,000  ...     67,000  ...  70,000 

Copepod  nauplii     7,000  ...     27,000  ...  3-0,000 
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There  was  also  in  the  hay  an  autumn  maximum, 
showing  a  very  high  peak  at  the  end  of  Septemher. 
Omitting,  however,  the  single  catch  of  September  80th 
(which  is  due  in  the  main  to  Rhizosolen i(t  scnn'spinn).  the 
peak  is  reduced  to  less  than  one-third  its  former  height. 
A  remarkable  feature  of  this  September  liump  was  the 
sudden  character  of  its  appearance  and  disappearance  and 
its  short  duration  (six  days).  An  inspection  of  the 
temperature  curve  of  the  year  for  the  water  of  the  bay 
shows  that  the  sudden  increase  in  the  phytoplankton 
coincided  with  the  maximum  in  temperature ;  and  our 
weekly  weather  records  at  the  Biological  Station  -ihow  at 
that  same  time  a  week  of  fine,  calm  weather  witli  easterly 
breezes  (S.E.  and  E.S.E.).  I  have  noticed  the  same 
plienomenon  in  previous  years,  both  at  Port  Erin  and  on 
the  west  coast  of  Scotland,  which  seems  to  indicate  that 
if  weather  conditions  be  suitable  at  the  end  of  autumn  the 
phytoplankton  may  suddenly  increase  so  as  to  constitute 
a  second  maximum  in  the  year,  the  first  being  in  spring ; 
but  that  this  possible  "  maximum  ''  may  be  so  modified 
in  time  and  in  amount  by  temperature  and  wind  as  to  be 
unrecognisable.  In  1906  it  was  very  much  more  marked 
at  Port  Erin  than  in  1907,  and  lasted  longer,  while  in 
1908  it  was  practically  absent. 

The  phytoplankton  minimum  for  the  bay  occurs  in 
August,  no  Diatoms  being  taken  from  August  9tii  to 
August  2-3rd  (see  fig.  17,  above). 

As  an  example  of  a  sudden  change  in  the  plankton, 
we  may  compare  the  surface  hauls  taken  in  the  bay  on 
October  1st  and  14th.  The  total  quantities  of  the  two 
gatherings  were  I'o  and  ll'o  respectively;  on  the  1st, 
Diatoms  were  relatively  abundant  (over  91,000);  by  the 
14th  they  had  disappeared.  But  Sagitta  and  various 
larva^,  and  especially  Copepoda,  had  greatly  increased  in 
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number  by  the  lattei'  dnte.  The  adult  Copepoda  in  all 
numbered  only  1,()4')  on  the  1st,  while  they  leached 
27,75)0  by  tlie  14th:  youno-er  forms  and  Xa\i])lii  had  also 
become  much  more  abundant.  By  Xoveniber.  howevei-, 
the  Diatoms  were  back  in  (|uantity,  and  Copepoda  had 
bejrun  to  decrease. 

The  Diuofiagellata  rose  to  a  maximum  in  April,  1!)07, 
after  the  Diatoms;  and  may  have  a  second  period  of 
sxulden  increase  in  the  autumn  if  weather  conditi(ms  are 
favourable.  They  appear  to  Jiave  been  more  abundant  in 
September  in  1908  than  in  1907,  and,  in  fact,  to  have 
maintained  relatively  hig'h  numbers  from  April  through- 
out the  summer. 

Ccratium  fri/jus  is  the  most  abundant  species  of  Dino- 
tlagellate  in  the  Irish  Sea,  and  is  present  practically 
;ill  the  year  round  m  considerable  abundance  (up  to  7,7->'i 
per  haul)  at  the  Isle  of  Man.  Our  650  gatherings  in  1907 
showed  ('.  trijjos  on  492  occasions. 

The  curve  for  Ccratium  trijws  agrees  in  general  with 
that  for  the  total  Dinotlagellates,  but  differs  markedly 
fi-om  those  both  of  Diatoms  and  ('opepoda.  The  spring 
)uaximum  in  the  Dinotlagellates  is  later  than  that  of  the 
Diatoms,  bul  precedes  thai  of  tlic  Copepotla.  Then, 
again,  the  September  huinp  ot  the  l)i notlaiicllates  is  earlier 
than  that  of  the  Diatoms  and  much  earlier  than  the 
<  )ct((bci-  ina.\ininni  ot  ('oj)epoda.  On  tlic  wlude.  the 
annual  curve  ioi  ihc  Dinottagelhi  ic-  lies  inlerniediate 
between   those   tm    Dnitnin^  ;inil   ('opcpoda. 

S(ti//ff(/  is  |)re>eiit  t  h  idiiiihoul  the  veai';  it  is  most 
abundiint  in  .\uj^ii-l.  .ind  ihc  niininiuni  occurs  in  winter 
flanuaiy  to  March).  As  showing  the  diiVei-eiice  pioduced 
by  it  laiirei-  net  of  w  idei-  mesh,  we  tind  that  during  April, 
when  ihe  ImiiU  uitli  ilie  oidiii.iiN  tow-nel-.  were  giving 
units    iind    lcii>.    tho-c    l;ikcn    ;il    I  he    sanic    time    with    the 
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shear-net  ran  into  hundreds,  as  follows: — 360.  123,  286, 
310,  200,  200,  400.  400.  300,  800.  The  fact,  however, 
that  the  weighted  tow-net.  not  invariably.  l)ut  usually, 
took  a  much  larger  number  than  the  similar  surface  nets 
shows  that  Saciitta  is  usually  more  abundant  in  a  zone  of 
water  below  the  surface,  extending  down  to  ten  fathoms, 


Pig.    "23.     Cvirve  for  larval  BolaniiH  in  1907. 

and  that  consequently  the  much  greater  numbers  obtained 
by  the  .shear-net  may  be  due  not  wholly  to  the  size  of  the 
net  and  mesh  but  in  part  to  the  depth  at  which  it  was 
worked. 

The  Xauplius  and  Gypris  stages  of  Balcniits  form  an 
interesting  study  (tig.  23).  The  adult  Barnacles  are 
present  in  enormous  abundance  on  the  rocks  of  Bradda 
Head,  and  they  reproduce  in  winter,  at  the  beginning  of 
the  year.  The  newly-emitted  young  are  sometimes  so 
abundant  as  to  make  the  water  in  the  shore  pools 
appear  muddy.  The  Xauplii  first  appeared  in  1907 
in  the  bay  gatherings  on  Februarv'  22nd  (in  1908 
on      February     l-Uh).      :iijd      incteased      with      up-      ;in(i 
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downs  to  their  iiiaximuni  on  April  loth,  and  then 
decreased  nntil  their  disa])pearan(o  on  A])ril  2(>th.  None 
were  taken  at  any  other  time  of  the  year.  The  ''  Cypris  " 
sta^e  folh)ws  on  after  the  Xan])lins.  It  was  first  taken  in 
the  bay  on  A])ril  (ith,  rose  to  its  maximum  on  the  same  dav 
with  tile  Xauplii,  and  was  last  cauffht  on  May  24th. 
Throu^-lunil .  tlie  "  ("v])ris  "  curve  keeps  below  ihat  of  the 
Nauplius,  the  maxima  being'  1,740  and  10,")00  respec- 
tively. Probably  the  ditt'«'ren(e  between  the  two  curves 
represents  the  death-rate  of  the  lialaiii  iluriii«>'  the 
Xauplius  stafje.  The  curve  fiw  1!)0.S  seems  to  be  iinu'h 
t  he  same. 

T'he  two  larpfe  Copepoda  ('aid mis  /k h/dh/iK/icii.s,  Claus, 
and  Anomnlocera  putternoni,  Teiiij).,  are  both  regarded  as 
"  oceanic  "  species,  and  are  both  present  in  fair  abuiulaiue 
in  the  Irish  Sea.  They  are  two  of  the  most  conspicuous 
id)je(ts  in  our  plankton  gatherinos,  and  can  readily  be 
picked  out  with  the  eye  and  (  luiiited. 

Calfinus  was  present  in  (uir  •i'aliiei  in<is  in  15)07  during 
every  month  of  the  year  fioni  lanuaiy  Stii  lo  December 
•iOtli.  It  was  represented  on  neaily  every  occasion  when 
hiiuls  were  taken,  and  in  some  cases  when  absent  from  one 
net  it  wa-  taken  in  anntliei'  gathering  made  on  the  same 
day,  sliriwing  thai  the  apparent  absence  was  dne  either 
til  iiTcgular  disi  i  ihut  ion  m  Id  -(mie  inipertecl  ion  in  the 
sampling-  nl  the  ^ea.  When.  then,  we  find  that  a  species 
like  this  is  iu>t  lecorded  from  a  particulai-  haul  at  a  time 
nl  veai-  when  g-atherings  are  being  taken  once  a  week 
(inl\'.  niic  is  inclined  to  suspect,  tnim  the  appearance  ol' 
the  I'ecords  at  other  iiine^  when  the  nh-erx  at  ion^  were 
more  fi'('(HUMit,  thai  if  anothei'  haul  had  l)een  taken  that 
da\  <u'  on  an  adjoining-  dav  ihe  nii><ing  <pecic^  would 
have  been  represen ted.  Negative  e\idcn(  e  miivt  always 
be   received    with    ^tMne  caution. 
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Anoinalocera,  on  the  other  hand,  tirst  appears  in  oiir 
records  on  March  29th,  and  then  only  in  the  form  of 
metanauplii  (100,  170,  and  30  in  surface  hauls  off  the 
Calf  Island).  It  continues  to  be  represented,  in  small 
numbers,  by  boili  adults  and  youn^,  throufjhf)ut  August 
and  September,  and  finally  on  November  Sth. 

The  distribution  of  Microcalanux  pusiJlus,  G.  0.  Sars, 
throughout  the  year  is  interesting.  It  appears  for  the 
first  time  in  our  records  late  in  Aiigust,  and  remains  fairly 
constantly  present,  but  never  very  abundant,  throughout 
the  autumn  until  Tanuary,  wlien  it  disappears.  During 
the  first  few  weeks  it  is  only  in  the  ofi:-shore  hauls, 
appearing  first  out  in  mid -channel  on  August  24th  in  the 
ILensen  and  Nansen  nets  that  were  let  down  to  60  fathoms 
and  hauled  up  vertically.  As  specimens  were  present  in 
all  the  nets  that  were  closed  when  they  had  been  pulled 
up  to  45  fathoms,  and  were  not  present  in  the  surface  and 
other  nets  used  above  this  level,  it  is  evident  that  this 
('Opepod  was  on  its  first  appearance  only  in  the  deep  water 
iu  mid-channel.  It  was  encountered  next  on  August 
2(jth,  in  the  weighted  net  hauled  at  10  fathoms,  on  the 
inner  edge  of  the  Train  Bank,  some  eight  miles  off  land. 
( )n  August  31st  it  made  its  ajjpearance  at  Station  I,  in  the 
Hensen  and  Nansen  nets  hauled  up  from  24  fathoms,  and 
in  the  weighted  net  from  10  fathoms — -the  latier  having 
•)oO  specimens.  It  was  also  present  on  September  2nd 
and  3rd,  under  the  same  circumstances.  On  September 
4tli  we  again  found  it  in  mid-channel  in  the  vertical  nets 
which  had  been  down  to  60  fathoms;  it  was  still  not 
present  in  the  surface  nets  nor  in  the  in -shore  waters. 
On  September  Otii  Microcalanns  appeared  for  the  first 
time  in-shore,  at  Station  IV,  ott'  the  Calf.Island,  but  only 
in  the  ilensen  and  ISansen  nets  which  had  been  closed  at 
8  and  15  fathoms  respectively;    it  was  not  present  in  the 
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surface  hauls  taken  at  the  same  time.  It  was  next  met 
with  on  September  11th,  at  Station  Y,  south  of  Calf 
Sound,  inside  the  AVart  Bank,  when  100  specimens  were 
taken  in  each  of  the  two  surface  nets,  150  in  the  weighted 
net  at  10  fathoms,  and  5,  5,  5,  3  in  the  four  vertical  nets 
(two  Hensen  and  two  Nansen)  hauled  from  20  up  to  10 
fathoms.  It  had  evidently  become  distributed  by  this 
time  all  through  the  water  around  the  Calf  Island.  The 
following  day  the  species  was  present  in  nearly  all  the 
numerous  nets  worked  at  various  depths  down  to  60 
fathoms  in  mid-channel ;  and  it  then  reached  its  climax 
in  numbers,  2,000  in  the  net  at  10  fathoms  and  2,500  in 
an  open  tow-net  attached  to  the  shear-net  at  20  fathoms. 
Finally,  on  September  21st,  Miarocalanus  turned  up  for 
the  first  time  in  the  surface  gatherings  taken  across  Port 
Erin  Bay.  It  was  present  m  these  bay  gatherings  en 
October  1st  (35)  and  24th  (100),  >'ovember  8th  (100), 
December  20th  (80)  and  23rd  (50),  and,  finally,  January 
8th  (50  specimens). 

This  record  looks  like  the  immigration  of  an  oceanic 
species  in  summer  i\\)  the  deep  water  of  (lie  mid-channel 
between  the  Isle  of  Man  and  Ireland,  antl  then  its  gradual 
spread  in  late  autumn  into  the  shallower  in-shore  wateis 
and  finally  to  the  surface  of  the  bay,  where  it  renuiined 
throughotit  the  winter. 

Ce7itro2)af/cs  /lanuitiis  (Lilljeborg)  occurs  in  the  Irish 
Sea  all  the  year  round.  It  is  on  uwv  records  for  li)OT  in 
every  month,  and  is  practically  continuously  present  from 
January  8th  to  December  30th.  The  numbers  are  low  at 
the  beginning  of  the  year,  but  reach  600  in  one  haul  of 
the  surface  net  by  Apiil  '.)tli,  and  l,-!0()  on  April  24th. 
(Jontrary  to  the  u.sual  rule,  tJiis  species  seems  more 
abundant  on  the  surface  than  deeper. 

Teiuora]   lonyicornis    (Miill.)    occurs    the    whole    year 
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round  from  -Taimary  to  December,  attains  to  hif^h 
numbers  in  early  spring,  and  remains  fairly  abundant  into 
late  autumn.  It  reaches  close  on  7,000  in  one  haul  on 
April  1st,  and  19,000  on  April  9th:  and  shows  1,280  and 
1,600  up  to  the  23rd  September.  Temora  longicornis 
seems  to  be  equally  abundant  inside  the  bay  and  in  the 
open  sea,  on  the  surface  and  in  the  deeper  waters.  Some- 
times the  large  numbers  are  in  the  surface  nets,  and  at 
other  times  in  the  weighted  net  from  below.  This  is  one 
of  the  species  that  congregates  in  swarms,  and  so  is 
occasionally  caught  in  unusually  large  numbers.  Of  four 
similar  hauls  taken  across  Port  Erin  Bay  on  April  loth, 
the  first  two  gave  875  and  620  and  the  last  two  1,550  and 
3,700  specimens  of  Temora.  On  the  same  date  three  hauls 
(two  surface  and  one  deeper)  taken  outside  (Station  III) 
gave  800,  850  and  900  specimens,  which  seems  to  indicate 
an  even  distribution,  but  half  an  hour  later  a  couple  of 
miles  away  the  same  two  surface  nets  gave  2,400  and  4,750 
specimens ;  and  moreover  in  this  last  case  nearly  all  the 
Temora  in  the  2,400  were  young,  while  in  the  second  net 
the  4,750  were  all  adults,  indicating  a  segregation  of  the 
stages  in  swarms. 

A,  set  of  hauls  were  taken  at  the  end  of  August  on 
Station  Y,  inside  the  Wart  Bank.  One  remarkable 
feature  of  this  occasion  was  that  the  Uenseu  net  hauled  up 
from  14  fathoms  contained  150  specimens  of  what  is 
probably  a  new  species  of  LeptopsyUns,  while  the  Xansen 
net  used  at  the  same  time,  and  at  the  same  depth,  on  the 
other  side  of  the  ship,  caught  twice  as  much  material  but 
not  a  single  specimen  of  the  new  Cojiepod.  The  surface 
nets  are  also  somewhat  divergent  in  their  results,  while  the 
deeper  weighted  net  has  caught  a  very  much  larger 
quantity  of  material,  the  greater  part  of  which  is  clearly 
made  up  of  Copepoda  both  young  and  old — about  ninety- 
five  thousand  in  all. 
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The  two  species  of  Cladocera  found  in  onr  district, 
Pndon  intermedium  and  EvaJnc  iiordnxmni.  occur  mainly 
in  summer,  in  a  wide  sense,  ranging;  from  the  end  of 
March  to  the  hcginning-  of  October.  Our  first  record  of 
Pndnn  is  six  specimens  on  ^larcli  26th.  and  the  last  is  iifty 
(in  October  9th.  Evadne  begins  with  ten  on  March  29th. 
reached  500  on  April  9th,  and  ends  with  oO  on  September 
20th.  Tens,  twenties  and  thirties  are  common  numbers  in 
the  records  of  both  species,  but  sometimes  the  hitndreds 
are  reached.  As  a  rule  there  is  no  gieat  difference  between 
surface  and  deepei-  hauls,  and  occasionally  there  is  a 
great  constancy  of  results.  indicating  an  even 
distribution:      e.g.,  on  April  l<Sth  at  ten  miles  out. 

At  Station  II.  Surface  nets.     10  faths.      Shear. 

Podon  intermedium        ...  150     150  —  — 

Evadne  nordmanni        ...          100     100         150       50     50 

On  April  19th,  in  the  bay,  two  similar  surface  hauls 
took  40  and  37  Podon,  and  75  Evadne  each;  and  at  the 
same  time,  at  Station  II,  ten  miles  otf,  the  two  suvfac(> 
nets  took  40  Podan  and  75  Kvadnc  each.  Other  similar 
cases  might  be  quoted;  but  on  the  other  hand  there  are 
diverse  hauls  on  other  dates  showing  a  very  uneven 
distribution.  The  numbers  during  ^lay  and  linu*  arc 
relatively  hiffli :  — 


Podon  ... 

190 

80 

150 

100 

100 

150 

Evadne  ... 

(iO 

80 

300 

300 

300 

650 

This  is  the  highest  point  reached  by  Evddnc,  and  this 
form  is  practicolly  al)scnt,  or  only  occasionally  present, 
ijuiiiig  the  latli'!'  Ii;ilt  of  Angust  and  paits  of  ScpUMiiber. 
Podon  reaches  a  clima.x  (500)  rather  later,  on  August 
l-Uh,  and  soon  after  that  drops  (o  tens  and  even  units,  witli 
an  occasional  appearance  .(August  'ilst,  200)  in  great(>r 
inuiil)Cis.       During    most    of   Se])tember    the   gic»u|)  is    hut 
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scantily  represented ;  althougii  neither  species  is  ever 
absent  for  long,  and  occasional  larger  numbers  occur — 
sucli  as  September  19th.  oif  Calf  Island,  deep  net,  Podon 
70  and  Evadne  100.  and  September  20th,  Station  I,  shear 
net.  Podon  110  and  290,  deep  net  140,  and,  at  the  same 
time,  inside  the  bay,  182.  On  September  23rd  the 
ordinary  surface  net  inside  the  bay  took  550  Podon,  and 
the  following  day  101).  after  which  the  numbers  fall  oif 
rapidly. 

The  common  species  of  Oikoflenra  that  occurs  in  our 
district  {0.  dioicn)  is  also  a  form  which  seems  to  deserve 
special  notice.  It  occurs  throughout  the  year,  being 
present  in  every  month,  and  represented  in  nearly  everr 
ffathering-.  It  is  absent  or  rare  in  the  case  of  the  hauls 
taken  on  a  few  dates  l)etween  August  24th  and  28th,  and 
then  again  on  September  4th  and  5th.  With  those 
exceptions,  Oihopleura  is  one  of  the  most  constant  of 
organisms  at  all  times  of  the  year,  and,  moreover,  is 
usually  present  in  quantities  that  range  within  narrow 
limits,  so  tiiat  it  does  not  vary  to  the  extent  that  some 
Copepoda  and  Diatoms  do.  In  the  winter  months — 
December,  January,  February  and  March — the  numbers 
taken  are  low,  but  from  April  to  Xovember  inclusive 
quantities  of  a  thousand  or  two  per  net  are  very  frequently 
taken.  The  highest  numbers  occur  in  April,  and  they 
only  reach  5,500  per  net,  so  there  is  no  marked  maximum. 
In  some  cases  the  numbers  of  Oihopleura  remain 
remarkably  constant  for  several  hauls,  indicating  a  very 
general  distribution  through  the  water.  For  example,  in 
one  traverse  of  Port  Erin  Bay  2,780  were  caught,  and  in 
the  return  traverse  2,030 ;  then  again,  two  adjacent  haxils 
gave  3,840  and  3,600  respectively,  and  another  pair  of 
simultaneous  hauls  gave  2,250  each.  But  on  the  other 
hand,  on  another  occasion,  two  successive  traverses  of  the 
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bay  gave  5,050  and  2,480  respectively,  and  other  examples 
of  diverse  results  miglit  be  quoted  from  our  records.  But 
on  the  whole  the  impression  received  by  an  inspection  of 
the  forms  for  li)07  is  that  Oil-opleura  is  more  evenly 
distributed  Ihroug^h  the  water  than  most  of  the  other 
common  organisms. 

In  regard  to  the  horizontal  distribution,  a  mere 
inspection  of  our  results  shows  in  some  cases  close 
resemblances  between  adjacent  stations  (such  as  I  and  11) 
on  the  same  day,  or  between  adjacent  days  at  the  same 
station,  and  in  other  cases  just  as  striking  differences. 
How  far  these  points  of  similarity  and  of  divergence  are 
normal  and  are  fundamental,  or  how  far  they  are  due  to 
wind,  sun,  and  other  weather  conditions,  or  to  tidal  or 
other  currents  will  require  detailed  consideration  and  com- 
parison with  the  results  obtained  in  other  years. 

A  further  point  that  has  been  brought  out  in  the 
progress  of  this  investigation  is  the  obvious  distribution 
of  at  least  some  organisms  in  swarms.  This  can 
occasionally  be  seen  by  the  eye,  when,  for  example,  shoals 
of  large  Medusae  are  encountered  which  are  so  abundant 
for  a  limited  area  that  on  a  calm  day  the}^  may  cover  the 
surface  like  a  tessellated  pavement,  and  assume  polygonal 
forms  from  mutual  pressure.  ( )n  other  occasions  the  nets 
have  evidently  encountered  swarms  of  Copepoda,  of 
Cirripedc  Naiiplii,  of  Crab  Zoeas.  of  worm  larva^  or  of 
other  organisms.  One  might  expect  such  results  in  the 
case  of  neritic  forms,  which  are  merely  stages  in  the  life- 
history  of  some  gregarious  organism ;  but  the  occurrence 
is  by  no  means  confined  to  snch.  it  extends  to  oceanic 
organisms  on  tlif  high  seas,  and  this  sporadic  dishihiilion 
in  swarms  has  not  been  sutticienlly  taken  into  account  bv 
some  writers  who  have  treated  of  Ihe  distribntion  of  the 
plankton  in  recent  years. 
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The  Irish  Sea  contains  a  surprising  number  of  what 
are  sometimes  regarded  as  "  oceanic  "  species — not  merely 
as  occasional  visitants,  but  as  normal  and  continuous 
constituents  of  the  plankton  during  a  great  part  of  the 
year.  Amongst  these  may  be  mentioned  Chatoceros 
densum,  Coscinodiscus  radiatus,  Rhizosolenia  semis fina, 
Ceratium  tripos,  Peridinium  sp.,  T omoj^teris  onisciformis, 
Pleurohrachia  pileiis,  Calanus  helgolandicus,  Anonudocera 
pattersoni,  Acartia  clausi,  Oithona  similis,  and  Oikopleura 
dioica.  Some  of  these  oceanic  species  seem,  so  far  as  we 
can  judge  from  the  published  records,  to  be  more  abundant 
and  more  continuously  present  round  the  Isle  of  Man  than 
they  are  even  in  the  western  part  of  the  English  Channel. 

We  have  evidence  from  our  closing  vertical  nets  that 
the  zone  of  most  abundant  life  is  not  on  the  surface  but  is 
generally  a  few  fathoms  below — say,  usually,  between  5 
and  10  fathoms.  Samples  of  water  from  5,  10  and  20 
fathoms  obtained  with  the  "  Mill  "  water-bottle  support 
the  above  statement.  But  this  conclusion  was  arrived  at 
and  could  be  established,  quite  apart  from  the  evidence  of 
the  vertical  nets,  from  a  comparison  of  the  results  obtained 
by  the  weighted  and  surface  open  horizontal  tow-nets. 
At  the  time  of  the  Diatom  maximum  in  spring,  however, 
our  closing  vertical  nets  showed  that  these  Protophyta  are 
more  abundant  in  still  deeper  zones,  and  increase  m 
density  downwards  to  at  least  20  fathoms. 

In  the  cases  of  some  groups,  e.g.,  Cladocera  and 
Oikopleura,  the  distribution  is  sometimes  remarkably 
regular,  the  same  numbers  being  taken  simultaneously  by 
comparable  nets  at  localities  up  to  ten  miles  apart ;  but  on 
the  other  hand  even  with  these  same  groups  there  may,  on 
other  dates,  be  very  diverse  hauls  indicating  an  uneven 
distribution.  Some  species,  and  some  groups  of  neritic 
larvae  markedly  congregate  in  shoals,  and  this  also  adds 
to  the  unevenness  of  the  distribution. 
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The  horizontal  distribution  of  the  plankton  is  con- 
sequently liable  to  be  very  variable  and  irreg'ular,  and 
although  its  characteristic  constitution  at  different  times 
of  the  year  may  be  described,  and  ihc  iclaiive  abundance 
of  the  different  groups  discussed,  it  is  very  doubtful 
whether  any  numerical  estimates  can  he  framed  whidi 
will  be  applicable  to  wide  areas. 

It  is  clear  that  samples  taken  (luarterly,  monthly,  or 
even  fortnightly,  are  quite  inadequate  to  convey  a  correct 
idea  of  the  constitution  and  changes  of  the  plankton  of  a 
sea-area  in  any  detail;  and,  consequently,  conclusions 
ouffht  not  to  be  drawn  from  such  insufficient  observations. 
.'Samples,  taken  weekly  throughout  the  year,  and  almost 
daily  during  the  three  most  critical  months,  give  by  no 
means  too  much  information,  bu(  will  probably  suffice  to 
enable  one  to  make  that  detaile(l  comparison  between 
adjacent  localities  and  dates  which  are  necessaiy  foi'  the 
purpose  of  determining  the  representative  value  of  such 
periodic  samples. 

L.M.B.C.    Memoirs. 

Dr.  Pearson's  imjnutant  ^lenioir  (.n  Taxcer,  the 
edible  crab,  was  ])ublished  last  suiMint'i'.  and  is  one  of 
the  largest  and  most  comprehensive  monographs  of  this 
series,  extending  as  it  does  to  ovei'  200  j^ages  and  12  plates. 
The  next  Memoir,  No.  XVTI.,  on  Pecten,  the  scallop,  by 
Mr.  Dnkin  is  now  in  ty])e,  and  will  be  issued 
immediately  aftei'  this  re|)ort  l)efore  the  eiul  of  the 
year.  The  ff)]lowing  Memoir.  No.  XA'III,  on 
Eledone,  )iv  Miss  A.  Tsgrove,  is  (■onij)lcle(l,  and  the 
MS.  and  drawings  are  now  in  my  hands  awaiting 
yiublication.  Doris,  the  sea-lemon,  by  Sir  riiai'les  Eliot, 
and  other  Memoirs  arc  also  Far  advanced;  and  we  liO])e  to 
have  a  Memoir  on  our  Irish  Sea  sj)ecies  of  Ceratium  antl 
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other  Dinoflagellata  from  Prof.  ('.  A.  Kofoid,  who  'lid 
some  work  on  our  local  material  during  his  visit  here  last 
summer.  This  unusual  amount  of  excellent  material, 
which  the  Committee  is  happy  to  be  able  to  issue  to  the 
scientific  world,  is,  however,  embarrassing  from  the  point 
of  view  of  expense.  Lithographic  plates,  such  as  these 
Memoirs  require,  seem  to  become  more  costly,  and  with 
the  growing  elaboration  of  the  subject  more  detailed 
illustration  is  necessary.  The  Committee  are  therefore 
very  grateful  for  several  special  donations  and  grants 
which  have  enabled  the  Treasurer  to  meet  the  expenses 
of  plates  for  several  of  the  above-mentioned  Memoirs. 
Further  donations  to  provide  for  the  illustrations  of  those 
still  unpublished  will  be  very  welcome. 

The  following  shows  a  list  of  the  Memoirs  already 
published  or  arranged  for  :  — 

I.  AscToiA,  W.  A.  llerdman,  00  pp.,  •")  Pis. 
II.  Cardium,  J.  Johnstone,  92  pp.,  7  Pis. 

III.  Echinus,  H.  C.  Chadwick,  30  pp.,  5  Pis. 

IV.  CoDiUxM,  R.  J.  11.  Gibson  and  H.  Auld,  20  pp., 

3  Pis. 
V.  Alcyonium,  S.  J.  llickson,  30  pp.,  3  Pis, 
VI.  Lepeophtheirus  AND  Lekn.ea,  a.  Scott,  02  pp., 
5  Pis. 
VII.  LiNEUS,  E.  C.  Punnett,  40  pp.,  4  Pis. 
VIII.  Plaice,  F.  J.  Cole  and  T.  -lohnstone,  200  j^p., 
11  Pis. 
IX.   Chondrus,  0.  V.  Darbishire,  50  pp.,  7  Pis. 
X.  Patella,  T.  E.  A.  Davis  and  H.  J.  Fleure,  84 
pp.,  4  Pis. 
XI.  Arenicola,  J.  H.  Ashworth,  120  pp.,  8  Pis. 
XII.  Gammarus,  M.  Cussans,  55  pp.,  4  Pis. 
XIII.  Anurida,  a.  D.  Imms,  107  pp.,  8  Pis. 
XIV.  LiGiA,  C.  G.  Hewitt,  45  pp.,  4  Pis. 
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XY.  Antedox,  H.  C.  Cliadwiek.  oo  pp.,  7  Pis. 
XYI.   Caxcer.  J.  Pearson,  211  pp.,  lo  Pis. 
XVII.  Pectkx,  W.  J.  Dakin,  120  pp.,  9  Pis. 
XVIII.  Eledone,  a.  Isgrove. 

Doris,  Sir  Charles  Eliot. 

Oyster,  W.  A.  Ilerdmau  and  -1.  T.  Jenkins. 

OsTRACOD  (Cythere),  Andrew  Scott. 

BrccixiM,  W.  13.  l\aii(lles. 

BiGLLA.  Laura  li.  Tliornely. 

ZosTERA.  R.  J.  Harvey  Gibson. 

IIlMANTHALIA,  F.    J.    Lewis. 

Fucus,  J.  B.  Farmer. 

CucuMARiA,  E.  llindle. 

Peridixian,  C.  a.  Kofoid. 

Sagitta,  E.  T.  W.  Harvey. 

Diatoms,  F.  E.  Weiss. 

Botrylloides,  W.  a.  Herdman. 

Sabell.vria,  Arnold  T.  Watson. 

Actinia,  J.  A.  Clubb. 

llALiciioxnRiA  AND  Sycox,  A.  Dendv. 

Uydroid,  E.  T.  Browne. 
In  addition  to  these,  other  Memoirs  will  be  arrano;ed 
for,    on    suitable    types,    sucli    as    /\n/un(s,    Poiitohi/t  lla, 
a  Cesiode  and  ;i  Pvcnoa-oiiid. 


We  append  to  this  Report:  — 
(A)  The   usual   Statement    as   to  flic   constitulion    ot    tlie 

L.M.Ii.C,  and  ibe  Laboialory  IJeji^ulations ; 
IW)  'Ihc  If  on.  'J'rcasuvcr's  Po])Oi<,  List  of  Subscribers,  and 

Balance  Sheet. 
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Appendix  A. 


THE   LIVERPOOL   MARINE   BIOLOGY 

COMMITTEE    (1908). 

His  Excellency  the  Right  Hon.  Lord  Raglan,  Lieut.- 

Governor  of  the  Isle  of  Man. 
The  late  Mr.  R.  D.  Darbishire,    F.G.S.,  Mancliester. 
Prof.  R.  J.  Harvey  Gibson,  M.A.,  F.L.S.,  Liverpool. 
Mr.  W.  J.  Halls,  Liverpool. 
Prof.  W.  A.  Herdman,  D.Sc,  F.R.S.,  F.L.S.,  Liverpool, 

Cliairman  of  the  L.M.B.C.,  and  Hon.  Director  of  the 

Biological  Station. 
Dr.  W.  E.  Hoyle,  M.A.,  University,  Manchester. 
Mr.  p.  M.  C.  Kermode,  Ramsey,  Isle  of  Man. 
The  late  Mr.  A.  Leicester,  Liverpool. 
Sir  Charles  Petrie,  Liverpool. 
Mr.  E.  Thompson,  Liverpool,  Hon.  Treasurer. 
Mr.  a.  0.  Walker,  F.L.S.,  J. P.,  formerly  of  Chester. 
Mr.  Arnold  T.  Watson,  F.L.S.,  Sheffield. 


Curator  of  the  Station — Mr.  H.  C.  Chadwick,  A.L.S. 
Assistant — Mr.  T.  N.  Cregeen. 


CONSTITUTION  OF  THE  L.M.B.C. 

(Established  March,  1885.) 

I. — The  Object  of  the  L.M.B.C.  is  to  investigate  the 
Marine  Fauna  and  Flora  (and  any  related  subjects  such 
as  submarine  geology  and  the  physical  condition  of  the 
water)  of  Liverpool  Bay  and  the  neighbouring  parts  of 
the  Irish  Sea  and,  if  practicable,  to  establish  and  maintain 
a  Biological  Station  on  some  convenient  part  of  the  coast. 
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II. — The  CoMMiTTKE  sliall  consist  of  not  more  than  1*2 
and  not  less  than  10  members,  of  whom  8  shall  form  a 
quorum:  and  a  meeting  shall  be  called  at  least  once  a 
year  foi-  the  purpose  of  arranging  the  Annual  Report, 
passing  the  Treasurer's  accounts,  and  transacting  any  other 
necessary  business. 

III. — During  the  year  the  Affaius  of  the  Committee 
shall  be  conducted  by  an  Hon.  Director,  who  shall  be 
Chairman  of  the  Committee,  and  an  Hon.  Treasurer, 
l)oth  of  whom  shall  be  appointed  at  the  Annual  Meeting, 
and  sliall  Ijc  eligible  for  re-election. 

l\. — ^Any  Yacanciks  on  the  Committee,  caused  by 
death  or  resignation,  shall  be  filled  by  the  election  at 
the  Annual  Meeting,  of  those  who,  by  their  work  on  the 
Marine  Biology  oi  the  district,  or  by  their  sympathy  with 
science,  seem  best  fitted  to  he)])  in  advancing  the  woi'k  of 
the  Committee. 

V. — The  Expenses  of  the  investigations,  of  the  publi- 
cation of  results,  and  of  tiie  nuiintenance  of  the  Biological 
Station  sliall  be  defrayed  by  the  Committee,  wlio,  for  this 
purpose,  shall  ask  for  subscriptions  or  donations  from  the 
liublic.  and  for  grants  from  scientific  funds. 

\'l. — The  Btoi.ooical  Station  shall  bo  used  primarily 
for  the  Exploring  work  of  the  Committee,  and  the 
Specimens  collected  shall,  so  far  as  is  necessary,  be 
])laced  in  the  first  instance  at  the  disposal  of  the  members 
of  tile  Committee  and  other  sjiecialists  who  ai*e  reporting 
upon  groups  of  organisms:  work  ))laces  in  the  Biological 
Station  may.  however,  be  rcnied  by  the  week,  month,  or 
year  to  students  and  otbei's.  and  dujdicate  specimens 
which,  in  the  opinion  of  the  Committee,  can  be  spared 
may  be  sold  to  museums  and  lalioratories. 
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LIVERPOOL  MARINE  BIOLOGICAL  STATIOTs^ 

AT 

PORT   ERIN. 


Laboratory  Regulations. 

I. — This  Biological  Station  is  under  the  control  of  the 
Liverpool  Marine  Biological  Committee,  the  execntive  of 
which  consists  of  the  Hon.  Director  (Prof.  Herdman. 
F.R.S.)  and  the  Hon.  Treasurer  fMr.  E.  Thompson). 

II. — In  the  absence  of  the  Director,  and  of  all  other 
members  of  the  Committee,  the  Station  is  under  the 
temporary  control  of  the  Resident  Curator  (Mr.  H.  C. 
Chadwick),  who  will  keep  the  keys,  and  will  decide,  in  the 
event  of  any  difficult}',  which  places  are  to  be  occupied  by 
workers,  and  how  the  tanks,  boats,  collecting  apparatus, 
&c.,  are  to  be  employed. 

III. — The  Resident  Curator  will  be  ready  at  all 
reasonable  hours  and  within  reasonable  limits  to  yive 
assistance  to  workers  at  the  Station,  and  to  do  his  best 
to  supply  them  with  material  for  their  investigations. 

IV. — Visitors  will  be  admitted,  on  payment  of  a  small 
specified  charge,  at  fixed  hours,  to  see  the  Aquarium  and 
Museum  adjoining  the  Station.  Occasional  public  lectures 
are  given  in  the  Institution  by  members  of  the  Committee. 

V. — Those  who  are  entitled  to  work  in  the  Station, 
when  there  is  room,  and  after  formal  application  to  the 
Director,  are: — (!)  Annual  Subscribers  of  one  guinea  or 
upwards  to  the  funds  (each  gviinea  subscribed  entitling  to 
the  use  of  a  work  place  for  three  weeks),  and  (2)  others 
who  are  not  annual  subscribers,  but  who  pay  the  Treasurer 
10s.    per    week    for    the    accommodation    and    privileges. 
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Institutious,  such  as  Universities  and  Museums,  may 
become  subscribers  in  order  tliat  a  work  place  may  be  at 
the  disposal  of  their  students  or  stalt'  for  a  certain  period 
annually  :  a  subscription  of  two  guineas  will  secure  a  work 
place  for  six  weeks  in  the  year,  a  subscription  of  five 
guineas  for  four  months,  and  a  subscription  of  £10  for  the 
whole  year. 

YI. — Each  worker  is  entitled  to  a  work  place  opposite 
a  window  in  the  Laboratory,  and  may  make  use  of 
the  microscopes  and  other  apparat\is,  and  of  the  boats, 
dredges,  tow-nets,  &c.,  so  far  as  is  compatible  with 
the  claims  of  other  workers,  and  with  the  routine  work  of 
the  Station. 

VII. — Each  worker  will  be  allowed  to  use  one  pint  of 
methylated  spirit  per  week  free.  Any  further  amount 
required  must  be  paid  for.  All  dishes,  jars,  bottles,  tubes, 
and  other  glass  may  be  used  freely,  but  must  not  be 
taken  away  from  the  Laborator}-.  Workers  desirous  of 
making,  preserving,  or  taking  away  collections  of  marine 
animals  and  plants,  can  make  special  arrangements 
with  the  Director  or  Treasurer  in  regard  to  bottles  and 
preservatives.  Although  workers  in  the  Station  are  free 
to  make  their  own  collections  at  Port  Erin,  it  must  be 
clearly  understood  that  (as  in  other  Biological  Stations) 
no  specimens  must  be  taken  for  such  purposes  from  the 
Laljoratory  stock,  nor  from  the  Aquarium  tanks,  nor  from 
the  steam-boat  dredging  expeditions,  as  these  specimens 
are  the  property  of  the  Committee.  The  specimens  in 
the  Laboratory  stock  are  preserved  for  sale,  the  animals 
in  the  tanks  are  for  the  instruction  of  visitors  to  the 
Aquarium,  and  ;is  all  the  expenses  of  steam-boat  dredging 
exf)editions  arc  defrayed  by  Ihe  Committee,  the  specimens 
obtained  on  these  cKcasions  must  be  retained  by  the 
Committee  (a)  for  the  use  of  the   specialists  woiking  at 
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the  Fauna  of  Liverpool  Bay,  (h)  to  replenish  the  tanks, 
and  (c)  to  add  to  the  stock  of  duplicate  animals  for  sale 
from  the  Laboratory-. 

VIII. — Each  worker  at  the  Station  is  expected  to  lay 
a  paper  on  some  of  his  results—  or  at  least  a  short  report 
upon  his  work — before  the  Biological  Society  of  Liverpool 
during  the  current  or  the  following  session. 

IX. — All  subscriptions,  payments,  and  other  com- 
munications relating  to  finance,  should  be  sent  to  the 
Hon.  Treasurer.  Applications  for  permission  to  work  at 
the  Station,  or  for  specimens,  or  any  communications  in 
regard  to  the  scientific  work  should  be  made  to  Professor 
llerdman,  F.R.S.,    University,  Liverpool. 


Fig.  24.     The  Bioloiiical  Station  from  the  clill  buhiiid. 
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HON.    TREASrill^irs   STATKMMXT. 

In  the  following  feAv  pages  is  shown  the  list  of 
iSubscriber.s  and  Balance  Sheet  for  1908.  The  latter  shows 
a  balance  of  i'18  in  hand  which,  however,  will  disappear 
in  the  conrse  of  the  next  few  weeks  since  the  stock  of 
bottles,  chemicals,  and  other  supplies,  which  is  usnally  laid 
in  at  this  time  of  the  year,  has  not  yet  been  bonght.  When 
this  necessary  expenditure  has  been  made  the  account  will 
probably  show  a  small  balance  due  to  the  Treasurer. 

As  has  been  nientioiiod  earlier  in  this  Keport,  several 
of  our  subscribers  have  died  during  the  past  year,  and  the 
Treasurer  would  like  to  point  out  the  necessity  of  adding 
to  the  list  of  subscribers,  as  ever}-  year  the  expenses  of 
the  Port  Erin  Biological  Station  are  heavier,  the  work 
done  there  being  continiudly  on  the  increase. 

The  L.M.B.C.  Memoirs  are  being  published  in  rapid 
succession  as  funds  permit.  During  the  past  year  Cancer 
(the  edible  crab)  has  been  issued:  Pecten  (the  common 
scallop)  is  now  in  the  printers'  hands,  ami  I'iledcnie  (an 
Octopod  Cuttle-lish)  will   be   leady  early   next   year. 

Thes(;  Memoirs  are  illustrated  with  beautitully- 
reproduced  plates,  which  are  necessarily  expensive,  and,  as 
the  Balance  Sheet  shows,  there  is  a  sum  of  .:tll4-  in  hand 
(allocated  by  the  donors  to  this  |)ur])ose),  which  will  have 
to  be  almost  at  once  ex])einle(l  on  the  Menioiis  now  ready 
foi'   |)ui)lication. 

The  Treasuici  will  t  hcicloic  ghidly  receive  further 
donations  for  this  piu'pose,  or  subscriptions  to  meet  the 
necessary  working  expenses  ol  ihc  liiological  Station  at 
I'oil    Miin. 

\\\>\\  l.\     TllOM  I'SO.N  . 

lion,  'treasurer. 
1 ,  (  ifixtel  h  (jiove. 

Liverpool. 
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NOTE    ON    NEOPLEUSTES    BICUSPIS    (Kroyer) 
AND   3'.   MOXOCUSPIS   (Sars). 

By  ALFIIED  0.  WALKEll,  F.L.S. 

In  "  Nature,"  vol.  78,  p.  36,  allusion  is  made  to  an 
article  by  Dr.  D.  S.  Jordan  in  the  "American  Naturalist  " 
in  the  following  words: — "  Starting  with,  the  axiom  that 
in  any  region  the  nearest  representative  of  a  given  species 
is  to  be  found,  not  in  the  same  region  or  in  a  remote 
region,  but  in  a  neighbouring  district  separated  from  the 
hrst  by  a  barrier  of  some  kind  or  other,  the  author  points 
out  that  this  law  rests,"  &c. 

In  Chambers's  Dictionary  an  axiom  is  defined  as 
"  a  self-evident  truth ;  a  universally  received  principle 
in  an  art  or  science."  It  is  pretty  generally  understood 
what  a  Natural  Law  means. 

I  do  not  know  how  far  the  above  principle  is  accepted 

as  an  axiom  or  law,  but  the  following  fact  is  very  difficult 

to  reconcile  with  it.     In  April,  1907,  I  spent  a  couple  of 

hours  dredging  in  the  hole  near  the  Britannia  Bridge  in 

the    Menai    Straits    called   Pwll   Fanog,    in   the   hope    of 

procuring    specimens    of    Nannonyx    spinimanus,    A.    0. 

Walker,  which  is  only  known  from  four  specimens  taken 

there   by   me   in   April    or   May,    1894.       In    this    I   was 

unsuccessful,     but     among     other     species     I     took     the 

following  :  — 

*1.  Neopleustes  {ParampJiithoe)  bicuspis  (Kroyer),  13  speci- 
mens, ^  ,   ?  ,  and  young. 

*2,  X.  monocuspis  (Sars),  16  specimens,  3  ,    ?  ,  and  young. 

*3.  N.  assimilis  (Sars),    about  50  specimens,    3  ,    ?    with 
ova,  and  many  young. 

The  specimens  of  1  ranged  in  size  from  6"5  mm.  to  12  mm. 
„  2  „  3'5        ,,         9     ,, 

55  2  ,,  '2"0  ,,  5"o  ,5 

None  of  the  females  of  1  and  2  were  ovigerous;  of  3, 
four  or  five  were. 

*  G.  O.  Sars,  Crust,  of  Nor u- ay,  "  Amphipoda,"  pp.  349-52. 
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In  the  Ampliipoda  Gammaridea  of  *  Das  Tieiieich  "' 
the  above  species  are  placed  together,  with  the  exception 
of  an  Arctic  form,  A',  hrevicornis  (8arsj,  which  is  phiced 
between  S .  inonucuspi-^  and  S .  assimilu.  If,  therefore, 
we  are  to  consider  them  as  three  distinct  species,  what 
becomes  of  the  "  axiom  '"  or  "  law  "y  For  it  can  hardly 
be  pretended  that  there  is  any  such  "  barrier  "  in  a  hole 
half  a  mile  long  by  300  yards  wide  as  would  suffice  to 
separate  two  species  !  But  as  regards  N .  monocuspis,  I 
ventured  in  the  "  Revision  of  the  Amphipoda  of  the 
L.M.I3.C.  District  "*  to  express  m\-  opinion  that  it  was 
only  the  immature  form  of  N .  hicuspis — an  opinion  since 
strengthened  by  the  discovery  of  an  Antarctic  species, 
Oradaiea  longimana,  A.O.W.,t  in  which  a  precisely 
similar  difference  between  old  and  young  individuals 
(viz.,  the  absence  of  the  postero-dorsal  tooth  on  the  second 
pleon  segment  in  the  young)  exists.  JJut  even  if  my 
view  be  accepted,  there  still  remains  the  cohabitation  of 
two  certainly  distinct  but  nearly-  allied  species  to  be  got 
over  by  the  supporters  of  the  above  "  law  "  I 

(Jn  the  other  hand,  I  entirely  agree  with  Dr. 
Ilerdman's  view+  that  species  of  the  same  genus  among 
marine  animals  are  rarely  found  associated,  and  I  regard 
the  above  instance  as  exceptional,  thougli  1  took  the  same 
three  (or  two)  species  together  in  the  same  place  in  April, 
1894. 

Note. — Since  tlio  above  was  written  it  has  occurred 
to  me  that  I  have  dredged  Corophium  crassiconie,  Bray, 
and  C.  honelli,  M.  Edw.,  in  the  same  hole  off  the  Little 
Orme,  thougn  not  at  the  same  time — tlie  former  having 
been  taken  in  October  and  the  latter  in  August.  This  is 
an  important  difference,  as  it  is  quite  possible  that  the 
two  species  may  never  be  together,  many  Aiiij)liipo(ls 
being  known  to  be  migratory.     A.  O.  W. 

•  Tram.  Liverpool  Biol.  Soc.  Vol   IX,  1895,  p.  303. 

+  Journ.  TAnn.  Soc.  ZooL,  Vol.  XXIX,  p.  50. 

J  Trans.  Liverpool  Biol.  Soc,  Vol.  X,  IBiiG.  p.  50. 
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IiEFORT  Oil  the  Investigations  carried  on  dviriug  1908 
in  connection  with  the  Lancashire  Ska-Fisheries 
La«oratory  at  the  University  of  Liverpool,  and 
the  Sea-Fish  Hatchery  at  Piel,  near  Barrow. 

Drawn  up  by  Professor  W.  A.  Herdman,  F.K.S.,,Hoiiorcii\y 
Director  of  iJie  Scientific  Work  :  assisted  by  Mr. 
An]:rew  Scott.  A.L.S.,  ResichMit  Fisheries  Assist;ii;l 
at  Piel;  and  Mr.  James  Tohnstone,  B.Sc,  Fisheries 
Assistant  at  the  Liverpool  Laboratory. 
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lXTllOJ)r('T10X     AM)    UEXEliAL    ACroi'M    OF 
THE    WORK. 

One  of  the  nlo^^  iinixutant  events  of  the  past  year  in 
connection  with  tlte  Sea  Fisheries  investio-ations  in  (his 
country  has  been  the  Enqiiii}'  and  the  subsequent  Repoit 
of  the  Treasuiy  Committee  which  sat  under  the  Chairman- 
ship of  Mr.  H.  J.  Tennant,  M.P.  This  Committee 
certainly  considered  the  organisation,  the  equipment,  and 
the  work  of  the  Lancashire  and  Western  Sea  Fisheries 
district  very  thoroup-hly.  They  not  only  heard  evidence 
from  the  Chairnum  an<l  other  members  of  the  Committee, 

H 
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as  well  as  from  the  SuperiiittMuleiit  ami  tlie  Houuiary 
Director  of  the  scientific  work,  at  their  sittings  in 
Loudon;  but  they  also  visited  our  district,  inspected  verv 
fully  the  Laboratory  at  Liverpcjol,  where  they  held  an 
informal  meeting-  and  took  additional  evick'nce.  and  also, 
on  the  invitation  of  the  Chairman  of  our  Committee,  liad 
a  trip  on  board  the  new  steamer,  "  James  Fletclier.  "  All 
the  scientific  members  of  Mr.  Ten n ant's  Commit t(>e,  as 
well  as  others,  were  present  on  tliese  visits  to  the 
laboratory  and  steamer,  and  took  an  expert  intei'est  in 
the  details  of  the  work.  I  think  there  can  be  little  doubt 
but  that  our  arrangements  were  thoionglily  a[)[)]oved  of, 
and  that  it  was  generally  felt  iliat  the  local  elfori  which 
had  been  so  great  and  well  sustained  in  the  past  was 
worth}'  of  recognitioii  and  support  from  the  Government 
in  the  future. 

Whether  the  report  of  Mr.  'i'ennant's  Committee 
will  lead  to  action  on  liie  part  of  the  Government 
which  will  give  ns  on  the  West  Coast  the  amount  of 
support  to  which  we  consider  we  are  entitled  is  very 
doubtful,  but  as  public  money  supplied  by  the  Ti-easury 
is  being  expended  (jn  similar  investigations  on  the  I'^asleni 
and  on  the  Southern  Coasts  of  ]<]nglajid.  it  must  sui'cly  be 
clcai'  to  all  who  make  an  impaitial  e\aniinaii(ui  ot  (he 
subject  that  some  measure  of  supj)ort  at  least  should  he 
given  to  our  investigations  on  the  W'esi  Coast.  ll  is 
possible  that  before  this  liepoit  is  actually  [)ul)lishcd  the 
matter  nuiy  be  <lccidcil  :  but  I  slmuld  like  to  sa\  thai  it 
has  never  been  brought  more  fori  il»ly  ix-iorc  uu'  tiian  in 
the  preparation  of  this  rcpoi't  that  ;ilinosl  cvci\-  depart- 
ment of  our  work  mid  r\ciy  in  xcst  igat  ion  w  c  uudcrtak(^ 
I'cquires  furthiu-  linancial  sup|»(ut.  and  ought  to  he 
strengthened  l>y  the  work  (d'  additional  hands.  \Vc 
require  a  naturalist   to  take  iharge  of  (he  observational 
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work  oil  (lie  new  steamer,  and  we  require  a  chemical 
assistant  to  cany  on  tlie  voluuteer  investigations  so  kindly 
conducted  for  us  in  the  past  by  Dr.  Bassett.  Tkese  are 
two  of  our  greatest  but  by  no  means  our  only  needs. 

'L'ke  publication  of  tke  Report  of  tke  Government 
Committee  has  been  followed  more  recently  by  tke  lUuc 
Book  (Cd.  4;j0-l:)  containing  tke  evidence  laid  before  tke 
Committee.  It  is  doubtful  wketker  any  useful  purpose 
can  be  served  now  by  discussing  tke  Report  and  tke 
volume  of  Evidence  in  detail.  It  is  a  question  Avketker 
anyone  can  foresee  yet  wkat  tke  ultimate  result  of  tke 
Committee's  Report  will  be.  Tkere  is,  first  of  all,  tke 
natural  doubt  as  to  wketker  tke  Government  will  take 
an}-  immediate  action  uuon  tke  Report :  and  secondly 
wketker,  even  if  tkey  do  re-organise  tiskery  affairs,  tkey 
will  adopt  tke  recommendations  of  tke  Committee  as  tkey 
stand  or  will  modify  tke  sckeme  proposed.  Some 
moditication  wouU  probably  fit  in  best  witk  tke  views  of 
tke  Local  Sea  Fiskeries  Committees.  Tken  tkere  is  tke 
furtker  question  as  to  wkat  effect  tke  sckeme  outlined  in 
tke  Report,  or  some  modification  of  it,  will  kave  upon  tke 
rational  exploitation  of  our  Xational  Fiskeries. 

Tke  Committee  propose  tkat  a  Central  Fiskeries 
L'ouncil,  representative  of  tke  tkree  kingdoms,  skould  be 
cstablisked  for  scientitic  and  statistical  purposes.  Tke 
Committee  were  di voided  as  to  wketker  General  Fiskeries 
Administration  skould  be  added  to  tke  functions  of  tke 
Council.  Tke  members  of  tke  Council,  it  is  proposed, 
skould  be  representative  of  tke  tkree  Xational  Depart- 
ments of  Fiskeries,  and  of  tke  Treasury,  under  tke 
directorskip  of  a  Ckairmaii  nominated  by  tke  Treasury. 
In  fact,  tke  wkole  (-(jinplexion  of  tke  proposed  ('(umcil  is 
ofkcial ;  and  Englaiul.  witk'  its  organised  Sea  Fislieiies 
Committees    round    tke    coast,    is    treated     exactly    like 
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Scotland  and  Ireland,  \vlit>ii'  no  .such  Local  ( 'oiuniil  Iocs 
exist. 

It  is  considered  tliat  the  Central  Council  will  re<>'ulate 
general  investigations  of  a  Xational  and  International 
character,  leaving  to  the  English,  Scottish  and  Irish 
Government  Departments  the  conli'ol  over  investigations 
of  a  more  local  character.  The  part  thai  the  scientific  and 
statistical  investigations  now  carried  on  by  some  of  the 
Local  Committees  will  i)la\"  in  such  a  scheme  of  work  is 
not  obvious.  It  is  evident  that  the  success,  in  both  its 
scientific  and  its  economic  aspects,  of  ilu'  oiganisalioji 
proposed  will  depend  very  largely  u])on  the  precise 
modifications  of  these  recommendations  wliicli  may  be 
adopted,  the  wisdom  and  modeialion  wiiii  wliicii  the 
details  are  planned  and  carried  out,  and  finally  upon  the 
character  of  the  men  nominated  as  members  of  the  Central 
Council. 

The  evidence  of  the  witnesses,  and  some  appendices, 
fill  a  large  volume  :  and  although  inany  (h'batable  points 
of  considerable  interest  are  raised  wiiich  might  give  lisc 
to  lines  of  work  and  discussion  on  future  occasions,  it  is 
unnecessary  to  refer  to  them  now.  If  may  be  })ermitted, 
howev^er,  to  add  that,  judging  from  their  statenu'uts.  some 
of  the  fisheries  investigators  from  othei'  paiis  of  the 
country  are  evidently  very  imperfectly  acquainted  with  ihe 
size  and  nature  of  tlie  sfeanu'r,  and  the  ofluM'  taciliiies  loi- 
both  scientific  and  economic  fisheries  invent  igai  ions,  now- 
available  in  the  riancashire  and  Western  Disjiici.  It  is 
partly  to  give  such  inforiuafion  to  our  colleagues  on  other 
parts  of  the  coast,  as  well  as  to  put  oni-  conditions  (d'  wcu'k 
on  permanent  recoid.  in  i-egard  l<i  al  least  one  side  ol  our 
scieiltifift  e(|ni|nie'nt ,  that  we  >Hp|dy  in  this  i-ep(ut  a 
des(;ription  of  the  Lani:i  sli  in-  und  W'eslein  Sea  l^'isheries 
sieanier  "  James  Fletcher,"  drawn  up  by  ('aplain  W'ignall 
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and  Mr.  Johnstoae.  In  addition,  the  scientific  equipment 
on  the  S.Y.  "Ladybird."  at  Port  Enn,  is  available  for 
use  in  our  scheme  of  investigations. 

In  considering  the  effective  laboratory  power  of  the 
district,  it  must  be  remembered  that  we  have  the 
accommodation,  apparatus  and  staff  of  three  distinct 
institutions  at  our  service — the  Liverpool  University- 
laboratory,  the  Piel  sea-fisheries  hatchery  and  the  Port 
VWin  Biological  Station.  These  have  all  been  provided 
locally,  and  are  now  available  for  public  service  ;  but  it 
is  not  too  much  to  say  that  at  each  of  these  institutions 
work  is  iuipeded  and  delaved,  or  has  even  to  be  left 
undone,  from  want  of  the  necessary  funds. 

Work  at  Piel. 

The  work  at  the  Piel  Laboratory  and  Hatchery  has 
been  carried  on  on  the  usual  lines  during  the  past  year. 
Mr.  Scott's  articles  dealing  with  this  M'ork  show  that  he 
lias  hatched  and  lurncl  our  into  the  sea  over  !•)  millions 
of  voung-  fiat  fish — which  is  as  manv  as  the  tanks,  and 
other  apparatus  at  his  disposal,  are  capable  of  dealing 
with. 

The  fishermen's  classes  were  as  successful  as  usual, 
and  the  interest  on  the  ])art  of  the  fishermen  shows  no 
signs  of  abating.  An  addition  will  be  made  to  the  subject 
matter  of  the  fourth  class  dui-ing  the  present  season  in  the 
interests  of  those  men  who  require  some  instruction  iii 
Xavigation.  For  further  details  on  these  points  I  must 
refer  to  Mr.  Scott's  Keports  printed  below. 

A  good  deal  of  Mr.  Scott's  time  during  the  past  year 
has  been  occupied  in  working  at  the  details  of  the 
plankton  collections  made  by  mj'self  and  others  from  the 
vacht  ill  the  seas  to  the  South  and  West  of  the  Isie  of 
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Man,  and  tliis  work  is  incorporated  in  our  joint  paper  on 
"Intensive  Study  of  tlie  Plankton'" — Part  II  of  wliicli 
w  ill  he  found  further  on  in  tliis  report. 

Work  at  the  Livekpool  Laboratory. 

Mr.  Jolinstone's  work  scarcely  requires  to  have  special 
attention  drawn  to  it,  as  it  is  in  the  main  a  continuation 
of  his  previous  work  on  fish  parasites,  on  marked  fish,  and 
on  various  bacteriolofjical  investigations.  I  may  say, 
however,  that  there  are  two  unusually  important  matters 
which  have  engaged  our  special  atlentiou  in  the  Liverpool 
laboratory  during  the  past  few  months,  namely: — (1)  the 
results  of  the  liydiographic  cruises,  which  lead  us  to  the 
ciuiclusion  that  some  modification  of  the  lines  of  observing 
stations  will  give  increased  knowh'dge  in  tlie  future:  and 
(2)  the  urgent  (|uestion  f)f  sewage  pollution  of  tlii'  shdltish 
beds,  and  espcci;illv  of  the  mussels  at  Conway.  lioth 
tliese  subjects  are  dealt  with  fully  in  the  articles  that 
follow  by  Dr.  Bassett  on  ihc  liy(liogni[)liic  work  and  by 
Mr.  -lohnstone  on  the  bacteriological  investigations.  It 
is  eminently  desirable,  in  the  interests  both  of  the  local 
fishing  industry  and  of  the  general  public  health,  that  the 
experiments  we  have  recently  made  in  re-laying  polluted 
mussels  on  the  Conwny  sIhmc  be  tollowed  by  the  construc- 
I  ion  of  a  model  cleajising  pond  soiuewlmi  on  the  j)l;in  of 
tlio>c  known  as  basins  of  "  degcn-gement  "'  in  conntMiion 
w  itli  oyster  culture  on  the  coasts  of  France. 

From  another  of  Mr.  Jolinstone's  Reports,  given 
below,  it  Avill  be  seen  that  he  has  been  coni  inning  his 
imjjorlant  ex])erinients  in  the  maiking  of  fish,  with  tlie 
view  of  getting  informal  ion  as  to  migrations  and  rate  of 
gj'owth  ;  and,  as  an  cxlcnsion  of  the  same  snbjcci,  he  is 
now  carrying  oni  fuiiluM'  wni-k  beaiing  npon  tlie 
statislical    invot  igai  ion   ol    ijir    local    jMalcc    (isheries   by 
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measuring  and  rec()i-(liii<^'  lai<>'e  iiiuubeis  of  the  fisii  cau^'ht 
on  our  steamer  and  the  sailing  cutters.  The  importance 
of  this  information,  bearing  upon  the  working  of  the 
bye-laws  in  our  district,  scarcely  requires  to  be  pointed 
out.  It  is  only  by  such  statistics  that  we  can  hope  to 
ascertain  whether  the  change  in  tbe  trawling  restrictions 
is  having  any  recognisable  eft'ect  on  the  size  of  tlie  fish 
caught  in  our  area. 

Mr.  -Tohnstones  article  on  the  diseased  conditions  of 
fishes  that  have  been  sent  to  us  for  report  from  the  Board 
of  Agriculture  and  Fisheries,  and  elsewhere,  is  a  useful 
contribution  to  a  .large  subject,  including  questions  of 
liuman  food,  but  needs  no  further  comment  now. 

Dr.  H.  Bassett  has  very  kindly  continued  his 
investigation  of  oiir  samples  of  sea-water  collected  on  the 
hydrographic  cruises,  and  has  furnished  us  with  a 
^•aluable  report  which  will  be  foiuid  below.  On  the 
whole,  Dr.  liassett  finds  that  this  year's  work  supports 
conclusions  he  drew  in  last  year's  report,  but  he  now 
shows,  further,  that  our  observations  demonstrate  that  a 
narrow  tongue  of  so-called  "  Gulf  Stream  ''  water  runs 
up  the  centre  of  the  Irish  Sea  to  our  district,  and  this 
invasion  appears  to  bave  been  rather  stronger  in  190S 
than  in  the  previo\is  year.  Mr.  Tohnstone  adds  another 
liydrographic  paper  dealing  with  the  recorded  tempera- 
tures in  the  Irish  Sea  in  theii'  relations  to  the  probable 
movements  of  the  water  and  the  migrations  of  fishes. 

In  regard  to  further  work,  still  in  ])rogress,  I  may 
add  that: — -The  hydrographic  investigations  are  being 
actively  carried  on  as  usual,  with  some  recent  improve- 
ments, and  it  is  very  desirable,  if  it  could  be  managed, 
that  these  investigatioiis  should  be  made  even  more 
extensive  in  the  future. 

Tbe  difficult  questions  in  connection  with  the 
condition  of  the  shell-fisli  bods  up  and  down  the  coast,  and 
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their  possible  pollution  by  sewag-e.  are  still  before  us  and 
pressing  for  solution.  In  addition  to  the  work  of  our  own 
Scientific  Assistants,  the  Local  Governnieut  lioard  aud  the 
Fishinono-ers  Compauy  are  both  inde])endently  collecting 
information  in  regard  to  the  existing  state  of  affairs.  It 
is  very  desirable  that  a  careful  survey  of  the  beds  in 
relation  to  sewer  outfalls,  and  a  bacteriological  examina- 
tion of  adequate  samples,  as  well  ;is  an  extension  where 
necessary  of  the  series  of  (>\])erim(Mits  ^\■e  have  been 
making  to  test  the  efficacy  of  transplanting  i)olluted 
shell-fish  to  purer  water,  should  be  mad(^  without  further 
delay. 

I  have  myself  been  eiigaged  almost  continuf)Usly 
throughout  the  Easter  and  Sumnier  Vacations  in  taking, 
from  the  yacht,  periodic  plankton  sam])Ies,  along  with 
specimens  of  water  and  sea  temperat  utcs.  both  surface  and 
deeper,  in  the  central  ])ai'1  of  the  Irish  Sea  ai'ound  the 
Isle  of  Man — for  the  purpose  of  studying  the  distribution 
of  the  ])lankton  organisms,  the  comparative  efficiency  of 
different  plankton  nets,  and  the  re])resentative  value  of 
the  samples  taken  by  such  methods.  .\  lull  account  of 
this  work,  in  conti]iuation  of  last  years  obserxal  ions,  is 
given  below  by  Mr.  Scott  and  myself. 

Finalh",    1    aopeiid    to    tiie   r('])oit    a    Meinoii-.    by    my 

former  student  Mr.  W.  .1.   Dakin,  on  the  struct  ure.   mode 

of  life  and  economic  ini])oi  ta  nee  of  "  Pecten ."  the  com  mini 

edible  scallop,   or  '"  clam  "'   as   it    is  caHed    in    the   Scottisli 

fisheries     an  aninnil  well  woithy  of  fuithei'  attention  and 

cultivation,  both  as  a  wholesome  fond  ;ind  as  ;tn  attractive 

l,;iil.      The    cost   of  ])roducing    ihr    philes    which    illust)';ite 

this  Memoii'  has  been   met  by   a  grant   of    L"J<)   frt)ni   the 

Cniversity  of  Liverpool. 

W.    .\.     II  l,i;i»MA.N. 

l''isiii:iMK.s  I;,\iiC)i;A'i()in  , 

I  '  \  l\l-.l!Si'l  V  OF   J>IVi:iM'(»nl,, 

January  Msl,  U)U!). 
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SMA-FISn    HATCinXG    AT    PIEL. 
By  AJ\DRE^Y  Scott. 

The  fish  hatching  work  carried  oiit  in  (lie  spring  of 
1908  produced  very  similar  results  to  those  of  the  past 
two  years.  The  adult  ])laice  were  obtained  by  the  trawl 
net  in  the  closed  area  of  Luce  Bay.  We  have  to  thank 
the  Fisher}'  Board  for  Scotland  for  granting  us  perniissio]i 
to  fish  in  the  closed  portion  of  this  jirotected  ground.  The 
flounders  were  caught  in  the  vicinity  of  Viel  by  the  police 
ciitter  stationed  in  the  Northern  division  of  the 
Lancashire  district. 

Tlie  fish  commenced  to  spawn  on  March  5th,  and  the 
first  fertilised  eggs  were  obtained  foiir  days  latci'.  The 
spawning  period  lasted  for  practically  two  moiiths. 
During  that  time  one  million  four  hundred  and  fifty 
thousand  plaice  eggs  were  collected,  and  thirteen  million 
live  hundred  thousand  flounder  eggs.  The  eggs  were 
incubated  in  the  Dannevig  hatching  apparatus  in  the 
usual  way.  The  resulting  fry  were  afterwards  liberated 
in  the  sea.  At  the  end  of  the  spawning  season  all  the 
adult  fish  were  set  free  in  the  channel  adjoining  the 
establishment. 

The  following  tables  give  the  number  of  Ggg^ 
collected,  and  of  the  fry  hatched  and  set  free  on  the  dates 
specified :  — 
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Plaice  (PUuronectes  jilatrssu.  Linn.)- 


T 

'ggs  Collected. 

Frj  Set  Fret 

^ 

March    i)     ...     25,000 

22,000 

..     March  31 

„      11 

. .     ;30.000 

25,500 

•  •          )> 

„      13 

.      50,000 

■44,000 

..      April       8 

„        IS 

..     70,000 

(52,000 

ji           1) 

.,       21 

..     70,000 

G2,000 

,,           ,, 

„      23 

..     80,000 

70.000 

16 

„      26 

..     85,000 

75.000 

M 

2S 

..     !)(),00() 

79.000 

i«                            M 

„      31 

..     i)0,()00 

79,000 

21 

April       2 

..     95,000 

S4,500 

M                            >• 

,,          i) 

..     95,000 

84,500 

30 

^ 

. .     95,000 

84.500 

>)          >) 

H 

..     90,000 

79,000 

13 

..     85,000 

75.000 

''     May        7 

lo 

. .     .S(),000 

70.000 

I'           )> 

17 

. .     80,000 

70,000 

M                         .. 

21 

..     80,000 

70,000 

16 

25 

..     70.000 

(;2.ooo 

1. 

„        28 

..     45,000 

40.000 

!,         20 

„        30 

..     30,000 

25,500 

»t                         M 

]\Iay        2 

..     15,000 

17,500 

.. 

Total  Eggs 

1,450,000 

1.2.S  1,000 

Total  Fry 
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Flounder  {PI('u)-o)u'ctfs  tli'sus.  Linn.). 


Mar 


Apr 


ch 


Mav 


9 
11 
13 
18 
21 
23 
26 
28 
31 

•2 

5 
8 
11 
13 
15 
17 
21 
25 
28 
30 
9 


Eggs  Collected. 

150,000 
200,000 
450,000 
600,000 
750,000 
750,000 
800,000 
850,000 
900,000 
900,000 
.,000,000 
900,000 
850,000 
800,000 
800,000 
750,000 
650,000 
600,000 
350,000 
250,000 
200,000 


y  Set  Free. 

133,000  . 

. .  Marx'h 

21 

177,000  . 

30 

400,000  . 

M 

,, 

532,000  . 

- 

y  f 

669,000  . 

.  April 

8 

669,000  . 

• 

,, 

712,000  . 

• 

757,000  . 

• 

16 

800,000  . 

>> 

,, 

800,000  . 

,, 

887,000  . 

• 

800.000  . 

21 

757,000  . 

>) 

,, 

712,000  . 

30 

712,000  . 

)i 

,, 

669,000  . 

)> 

jj 

580,000  . 

.  May 

7 

532,000  . 

300,000  . 

• 

16 

224,000  . 

n 

)) 

178,000  . 

M 

20 

Total  Eggs   13,500,000 


12,000,000     Total  Fry. 


Total  Number  of  Eggs 
Total  Number  ol  Frv 


14,950,000 
13,281,000 
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CLASSES,  YISITOES,  &c.,  AT  PIEL. 
By  A^"D]!K^v  Scott. 

The  desire  for  an  oppoii\iiiIty  of  attending  tlie  classes 
shows  no  indication  of  abatement  amongst  the  fislieruien. 
There  must  still  be  a  considerabk^  number  of  men,  dis- 
tributed over  the  various  fishing  centres,  who  have  not 
yet  had  llie  good  fortune  to  be  selected  by  the  local 
representatives.  Xo  doubt  their  time  will  come.  Of 
course,  as  the  time  passes  the  fishing  po])idation  receives 
fresh  reciuits  troni  the  younger  generation.  There  is, 
therefore,  littK>  likelihood  of  the  demand  for  tlie  studejit- 
shijis  falling  away  so  long  as  they  continue  To  be  offered. 
The  I'jlucation  Committee  of  the  Lancashire  County 
Council  renewed  the  usual  money  gj'ant  wliicli  enabltMl 
foi-ty-five  fishermen,  residing  in  tlic  administraiive 
County  of  Lancaster,  to  receive  a  c(Uir--e  of  instruction 
in  I'dementary  liiology  at  I'ic!  in  1!)()S.  Tlic  ClH^sliive 
I'^ducation  ('ommittee  sent  si.\  men  from  lloyhike.  'Idic 
]Mackpool  Education  Committee  again  sent  three  men. 
The  Education  Committee  of  Tiiverpool  also  allowed  two 
studentshi])S  to  be  awarded.  Altogether  fifty-six  men 
attemled  the  classes  lield  during  the  s|)ring  of  1908.  The 
studentship  holders  were  divided  into  four  (dasses  two  of 
fifteen  eacdi  and  two  of  thirteen  as  shown  by  the  following 
lists:  — 

First  Class.  held  March  "Jiid  to  Cllh. — John 
Edmondson,  l{of)sebeck  :  -lohn  Hiixtci-.  South  I  Ivcrstoii  ; 
i».  liangstretli,  Elookbni'gh  :  lohn  T;iylor,  liollon-lc- 
Sands;  .Vdiiiii  W'ctoilhouse,  M(M  ci;)  irihc  ;  Thomiis  W'odd- 
house,  Morecambe:  W.  Haxtn  ,  li..  Morecambc  :  lohn 
Whiteside,  Lythani  :  .loscph  .\hram^  Hanks;  W'illiiim 
.T(dinson,  liaiiks;  1{.  I'ai-i.  HI;icl<]»ool  ;  l']/('kial  S;iltlious('. 
l'>lack|)o(»l  :    K.   W   Stanho|>r.    lihod-vpool. 

Srcond  Chi»,  held  :Nran  h   Kill:  lo  jTth.      .lack  l»(.il.'i', 
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L  Iversloi)  ;  •loliii  I'urkor,  Fl(^)kburo-]i  ;  .1.  ]J.  Diclviiisoii, 
Grrange-over-Sands :  Cliarles  Willacy,  Morecambe  ;  John 
AA'oodliouse,  Morecambe;  Martin  Allan,  Morecambe, 
John  Hudson,  Heysham ;  Thomas  Evans,  Fleetwood; 
Fred.  Williams,  Fleetwood :  Greoi¥rey  Wright,  Fleet- 
wood;  Edward  Aiiiswortli,  Fleetwood;  Alexander 
Houstan,  Fleet^vood  ;  -Tames  C'andlish,  St.  Anne's  ;  .Tolin 
Ball  fSilas)  Banks;   Kiehard  Hujiter,  Banks. 

Third  Class,  held  Mar(  h  --lOth  to  April  lOth.  -Joseph 
Parker,  Flookbnrgh  ;  Thomas  Bell,  -Jr.,  Morecambe; 
Ivubeu  Threlfall,  Morecambe;  Robert  liutler,  (jrlasson 
Dock;  William  Ainsworth,  Knott  l^hul,  Fleetwood; 
Henry  Leadbetter  Wilson,  Fleetwood;  -Tolni  (iornall, 
Fleetwood;  -Johu  Wright,  Fleetwood;  -lohn  Abrani, 
Banks;  Henry  Bird,  Hoylake  ;  A\'i1liam  Bird,  Hoylake; 
J.  L.  Edwards,  Hoylake;  -John  itaiidles,  Hoylake;  Peter 
Roberts,  Hoylake  ;   -John  Taylor,  Hoylake. 

Fourth  Class,  held  April  '21th  to  May  Sth. -Moses 
Woodhouse,  South  (Tverston  ;  -lames  Porter,  Baiclitf ; 
-Tames  Shaw,  Flookbnrgh ;  AVilliani  Gerrard,  More- 
cambe;  William  Swain,  Morecambe;  Robert  Threlfall, 
Morecambe ;  Robert  Atkinson,  Knott  End,  Fleetwood  ; 
Fred  CoUey,  Fleetwood;  Charles  Schofield,  Fleetwood, 
William  Moss,  Fleetwood;  -Jeffrey  Abram  (13ettys) 
Jianks  ;   IL  Edwards,  Liverpool;   ^A".  Phillips,  Liverpool. 

The  usual  votes  of  thanks  to  the  Sea-Fisheries  Com- 
mittee and  to  the  Educational  Committees  for  the  facilities 
given  to  attend  the  classes  were  proposed  and  carried  by 
the  fishermen  at  each  class. 

One  Class  in  Nature  Study  for  school  teachers  was 
conducted  during  the  months  of  April  and  May.  The 
Class  was  organised  by  the  Barrow  Education  Committee 
and  was  attended  by  teachers  belonging  to  their  schools. 
The  course  of  instruction  given  was  the  same  as  that 
mentioned  in  the  Annual  Report  for  1907. 


11(>  ri; ANSACTiONS    LlVKKl'CIOL    UlOLOCilCAL    SOI  IKTV. 

iiepieseutatives  from  the  Cumberlaud  Sea-Fisheries 
Comiuittee  made  au  inspection  of  the  establishment,  and 
the  work  of  the  fishermen's  classes,  on  May  5th.  A  large 
partv,  consisting-  of  Members  of  the  Lancashire  Sea- 
Fisheries  Committee  and  of  the  various  Education  Com- 
mittees of  the  county  visited  the  Laboratory  under  the 
leadership  of  the  Chairman,  Mr.  James  Fletcher,  on 
May  6th.  Short  addresses  were  given  to  the  tishei men  who 
were  at  work  in  the  class,  by  the  ('liairman  and  sonic  fd 
the  other  members  of  the  party.  The  members  of  St. 
Matthew's  Mutual  lnn»r()vemeiit  Society,  Barrow,  visited 
llu'  Laboratory  duriiit:  the  Faster  holiday.  Mr.  A. 
Harris  and  Mr.  T.  S.  Dymond,  two  of  H.M.  Inspectors  of 
evening  schoids.  came  to  the  establishment  to  inspect  and 
report  on  the  work  of  the  chisses  for  fishei'mcn  and  scliocd 
teachers.  Professor  C.  A.  Kofoid,  from  the  Inivrrsiiy 
of  Califoinia,  spent  ])art  of  a  week-end  in  July  ;it  I'icI, 
examining  the  local  plankton  and  seeing  the  methods 
employed  in  carrying  out  this  part  of  the  work. 

After  the  fish  liatchijig  and  the  fishermen's  classes 
wi're  over,  the  most  of  the  time  throughout  the  remainder 
of  the  ve;ir  was  given  to  the  in vcstig;ition  of  anothei- 
extensive  series  ot  phinklon  collections  tiiken  ;ii  liic 
south  (Mid  of  the  Isle  of  Man  by  Professo?-  Ilci(lm;in.  'I  lii> 
woik  i>-  :i  colli  ininil  ion  ot  the  resc;ircli  lii;it  was  licgiin  in 
l!t()(i.  ;iii(l  it  is  full\-  dealt  with  eisewheic  in  this  i-epoit. 
An  investigation  into  the  si/e,  age,  sex,  and  food  of  the 
])laice  cauglit  by  the  fishermen  in  the  vicinity  of  Piel  was 
initiated  in  19()S.  Saniplcs  of  tlie  jdait-e  taken  in  the 
stake  nets  and  b\-  the  ordiiiai-y  tiawl  were  Ixuight  trom 
the  men  fr(un  time  lo  lime  and  examiiKMl.  Some  rather 
interesting  results  h.ive  cropped  n|i,  and  it  is  pi'oposed  to 
go  furthei-  into  the  mattei'  in  l!H)!».  by  examining  about 
200  fish  each  month. 
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REPOET    UX    EXPEIMMEXTS    WITH     .MARKED 
FISHES   DTRIXCi   THE   YEAR    1!)08. 

By  Jas.  Johnstone. 

Because  of  the  pressure  of  other  \vo]k  (uily  Iwti 
experiments  Avere  made  duririo-  1908.  The  first  uas  made 
at  Piel  ou  7th  April,  when  196  plaice,  caught  in  a  stake- 
net  in  Barrow  Channel,  were  put  into  the  tanks  at  the 
.Station  and  kept  there  for  ahout  a  fortnig-ht.  'I'liey  were 
then  marked  and  liberated  near  to  the  Baiiow  Channel 
Bar.  The  second  experiment  was  made  wlnlc  Irawlino-. 
in  Luce  Baj^  for  mature  plaice  for  the  Piel  and  Port  I'^iin 
Hatcheries. 

I  have  to  make  the  usual  acknowledgments  of  the 
assistance  given  by  the  correspondents  referred  lo  in 
previous  Reports. 

General  SuMiSrARY. 


Place  where  the  Fishes  were 
Liberated. 


!        No.  No. 

Date.       ',  Liberated.  I  Retuiiicd. 


I        Barrow  Channel     7/4/1908     I'M)  ])laice  .12 

■2        Luce  Bay    '  8/10/1908  I    50     ,.  1 


Totals 1  24(1 

i 
Exjjeriiuents  of  1900    

Experiments  of  1907    


Total 


53 
11 
43 

107 
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Ill  all  these  experiments  the  mark  employed  by  tlie 
I'^uglish  Section  of  the  luteriiatioual  Fishery  Investi<ra- 
tioiis  has  been  employed.  The  labels  lettered  "  E,"  used 
ill  experiment  1,  1!)()S,  were  i>-iven  to  me  by  Mr.  -T.  O. 
JJorlev,  and  must  not  be  confused  with  those  attached  to 
Hshes  liberated  in  tlie  Eiifjlish  Channel  or  North  Sea. 

It  Avill  be  seen  that  some  of  the  Kshes  marked  and 
liberated  during  1906  and  1907  have  been  recaptured 
during  1908.  Because  of  this  overlappino^  of  the  results 
of  several  years,  and  also  bei^ause  of  the  few  experiments 
made  durin<>'  190<S,  I  do  not  pro[)ose  to  discuss  the  results 
tabulated  in  this  lieport.  A\'e  hope  to  be  able  to  make 
several  large  experiments  during  1909,  and  then  sutlicient 
data  ought  to  have  been  accumulated  to  enable  ns  to 
discuss  these  experiments  as  a  mIioIc,  and  in  the  ligiit  of 
other  observations  relating  to  the  life-history  of  the  plaice 
in  the  Irish  Sea. 

The  infoiination  o-iven  in  the  'I'ables  is  as  follows:  — 


1 


s  ^I 


3 

4 

'^  ^ 

•^  t 

o  z. 

O   3 

"1 

-1 

qS 

Oi    4) 

U 

^   1 

c 


V 


<ii  s: 


"QC  <a  5  -c 

c  ^  a.  u 

i-J        o  ~ 


t,      W5  CO    4-3 


tn 


8 


<j 


t.    <U    o  JS    IT 


.The  letters  under  heading  S  mean:  ST.  slcani 
trawler:  I'l",  Hr>t  class  sailing  trawler:  'JT,  second  class 
sailing  trawler;  S}s,  stake  net:  T.\.  trammel  net:  and 
(i.\,  gill  net. 

Tlie  conililmn  (d  the  Hshes  returned,  their  wiMghts 
in  grams,  then  ages,  and  llieir  sexes  ;ind  condilnins  as 
regards  sexual  maluiily,  have  heeii  recorded.  IJnt  until 
the  results  td  the  exj.ei  imeiits,  as  a  whole,  ait-  discussed 
it  is  inadvisable  to  make  ;iiial\ses  ol'  these  data. 
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1  give  the  partifiilars  relating  to  the  iiuaked  lislies 
returned  in  the  fo]h)\ving  tables.  As  in  former  years, 
several  fishes  have  only  been  reported  to  me.  Sometimes 
the  fishes  are  gutted  before  being  sent  to  the  laboratory. 
In  the  latter  cases  it  is  unsafe  to  attempt  to  determine 
the  weierht. 


Particulars  of  Marked  Fishes  Eeturned  During  1908. 

Experiment  2,  1906.      Station  :   Near  Fleetwood, 
19th  February,  1908. 


1 

2                           3                               4           5 

6 

7       8 

L757 

lOJ         Xo  information.                         —         — 

— 

—  '  — 

Experiment  3,  1906.       Station :  Bahama  Bank, 
12th  February,  1906. 


1              2 

3 

4           5 

6 

7 

8 

1 
L88G           lOJ          10      Tiiiles      S.E.      from 
Bahama  Light  Ship. 

18/12/07    2,3 

— 

— 

ST 

Experiment  8,  1906.      Station:  Outside  Walney  Island, 
31st  February,  1906. 


1 

2 

3 

4          5 

6 

7  1     8 

LL99 

Si 

8  miles  S.E.  from  Bahama 
Light  Ship. 

2fi/3/08    24 

m 

41   ST 

1 
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Experiment  12.  1905.     Station:  Off  Llanphystyd, 
14th  June.  1906. 


1 

2 

3 

4 

5 

6       7 

8 

LL320 
LLSIC. 

9i 

Off  Llanon,  Cardigan  Bay 
Off    Godrosy    Light.    St 
Ives  Bay.  22  faths. 

7/7/08 
20/2/08 

0 
19 

11      u 

12i     2| 

1 

IT 
IT 

Experiment  16,  1906.     Station  :  Off  Penkilau,  Cardigan 
Bay,  12th  July,  1906. 


1               2 

3 

4 

5       6       7 

8 

LL424 

8| 

3  miles  W.   hy  X.   from 
Barrels     Light     8hi]i. 
Wexford,  25  faths. 

2C./G/08 

24 

m  35 

IT 

Expeiimcnt  18,  1906.     Station:  Luce  Bay,  3rd  October, 
1906. 


1 

2 

3 

♦ 

6 

6 

7       8 

LL499 

12 

7    miles    X.W.    from    St. 
Bees  Hc.i.l. 

3/3/08 

17 

— 

—     ST 

LL523 

m 

^roimt.iin  Fool.  Cu.  Lmith. 
Ii-fl;uid. 

1-1/1/08 

1.^) 

15.1 

2]    ST 

LL520 

m 

(•)  miles  W.S.W.  from  St. 
Mees  He.ul. 

24/2/08 

ir. 

— 

-  1   IT 

LI..-.31 

m 

NeMrMan.L'hold  11.-1.1.7-8 
fathoms. 

20/1/08 

15 

14-4 

H   ST 

LLi-)34 

13 

Off  l{li.>;ul  l'..iiil.C,iinii!.eI- 

28/4/08 

IH 

15^ 

n 

— 

t.)\Vll. 
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Experiment    1,    1907.       Station :    Menai   Straits, 
6th  February.  1907. 


1 

2 

3                                 4 

5 

6 

7 

8 

LL535 
LL574 
LL576 

10 
9 

10 

7-5 

8i 
9 

Cnnstal)le  Buov.  ol!  (h-eat       6/9/08 
Ormcs  Hofifl.  1 2  f  aths.   1 

10     iiiile«     S.E.     from       ;  25/3/08 
Bahama  Light  Ship.        ; 

Not  known  8/08 

20 
U 

19 

20 

I.-) 
11 

14-1 

11-5 

13-6 
13-8 

12 

4-1 

2-5 

3-6 
6-3 

3f 

2! 

ri' 

ST 

LL088 

LLOOO 
LL6GI 

2  miles  E.  I-  X.  from  Smalls  27/9/08 

Light.    '                            ' 
Holyhead  Outer  Harbour.   22/4/08 
Red  Wharf  Bay.  1.5  faths.i  16/12/07 

rx 

IT 

Experiment    3,    1907. 
3rd  July,  1907. 


Station :    Nelson    Buoy, 


1 

2 

3 

4 

5 

6       7 

8 

LL681 

8i 

3   miles    S.    from    More- 

30/9/08 

15 

IT 

cambe  Bay  Light  Ship. 

LL683 

10 

12      miles      S.E.      from 
Bahama  Light  Ship. 

22/12/07 

6 

— 

— 

IT 

LL71.5 

11 

8     miles     E.S.E.     from 
Bahama  Light  Shi]).  1 1 
fathoms. 

13/6/08 

12 

131 

H 

ST 

LL740 

8| 

Xear      Pinfold      Buoy. 
Ribble 

31/12/07 

6 

10-9 

21 

2T 

LL759 

8f 

Garston  Dee]).  Mersey    ... 

16/12/07 

6 

11-5 

2? 

2T 

LL77o 

9-5 

Loch  Ryan.  .5  faths 

8/12/08 

17 

121 

2-6 



LL7S7 

8^ 

2  miles  W.X.W.  from 
Jumbo   Buoy.   Ribl)le. 
4i  fathoms. 

12/11/08 

16 

13-8 

4-5 

2T 

LL789 

9-.5 

St.    George's    Bay,    off 
Abergele,  5  fathoms. 

8/12/08 

17 

15-5 

6 

IT 

LLSOl 

9 

U      miles      S.E.      from 
Bahama  Light  Ship. 

21/12/07 

6 

IH 

n 

ST 

LL826 

7J 
Brill. 

Mostyn  Dee]).  Dee  

6/2/08 

7 

9-9 

2-2 

2J' 

LL828 

11 

6  miles  S.W.  from  More- 

5/9/08 

15 

14-2 

2-2 

ST 

cambe  Bay  Light   Ship. 
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Experiment  4,    1907. 
1907. 


Beaumaris    Bay,    24th    October, 


1 

2 

3 

4 

5 

6 

7 

8 

LL630 

10-5 

Red  Wharf  Bay.  0  fatlis.. 

17/12/07 

2 

10-9 

0-4 

IT 

LLr..'i2 

SJ 

Off  Ah'-'rayi-mi,  Cardijiau 
Bay.  1.")  fatlioiiis. 

19/5/08 

7 

81 

.i 

2T 

I.Lr.3.1 

9 

Red  Wharf  Bav.  7  faths.. 

ir./ 12/07 

2 

9-3 

0-3 

IT 

LLtUO 

!'l 

Red  Wharf  Bay.  10  faths. 

1(M2  07 

2 

10-5 

1] 

IT 

LL(;4I 

I'i 

('aniarvon  Bav.   13  faths.. 

4  1  08 

14 

lU 

1 

IT 

LL(i42 

81 

Red  Wharf  Bav  

18,11/08 

13 

121 

3^ 

IT 

LLC.43 

8! 

Red  Wharf  Bay.  7  faths... 

lti/12  07 

2 

9 

4 

IT 

LL(U."> 

9 
8} 

Off  .Mo.stvn.  Dec  

9/1/08 
18'(5'08 

2 

8 

9-2 
lOi 

i- 
2i 

2T 

LL(U8 

Carnarvon  Bay,  15  faths.. 

IT 

LL8.i4 

m 

8    miles     X.X.W.     from 
Morecambe  Bav  Light 
'      Ship. 

30/3/08 

5 

ST 

LLS;" 

10 

Near  Waterford.  48  faths. 

15/5/08 

7 

111 

1| 

ST 

LLSfiO 

10.V 

St.Georsje's  Bay.  Abergele 

4/12/08 

14 

14| 

^ 

IT 

LL875 

m 

j  Small.'!  Light  bearing  S., 
30  miles  distant. 

20/11/08 

13 

13  J 

3} 

IT 

LLSTO 

12 

.")  miles  S.E.  from  Caldy 
Island,  20  fatiioms. 

9/6/08 

8 

m 

n 

IT 

LL879 

9i 

Off  Ireland's  Ej^e,  14  faths. 

17/4/08 

6 

m 

2 

IT 

LL881 

9J 

Off  Great  Ormes  Head, 
13  fathoms. 

20/10/08 

12 

m 

3 

IT 

LT.883 

10 

Red  Wiiarf  Bav,  8  fatlis. 

16/12/07 

2 

10| 

1 

IT 

1.L88.-) 

8' 

Red  Wiiarf  BaV,  7  faths. 

13/12/07 

2 

8;, 

0 

IT 

I.mn.-) 

lOJ 
10 

Red  Wharf  BaV  

IS  11  08 
l.->  12  07 

13 
2 

11.1 
10.1 

4 

1 
t 

IT 

LL'.tiiT 

1   Red  Wiiarf  Bay.  7  faths. 

IT 

LlV.tl2 

10 

oouth  Bay.  Wexford  

I  4  OS 

() 

10' 

I    IT 

LI.'.)  17 

I). I 

9i 

Near  Ly tliam  Pier  

I3;i2(t7 
1()'4  OS 

2 
(i 

9J 

—    2'r 

LL!tL'(l 

f'aniiartheii  Bay.  !'  faths. 

1    IT 

IJ/»21 

10 

Red  Wharf  Bav,  10  faths. 

10/12/07 

2 

10.1 

1    IT 

I.L!t3!) 

9i 

Off  .Mostvii.    I)"ee.  S  faths. 

10/1/08 

2 

9! 

1     IT 

M.944 

"1 

49"  .")()'  .\'.  :   S    W 

2/0/08 

iT 

14.', 

3]    ST 
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Experiment    1,    1908. 
7th  April,  1908 


Station :    Barrow    Channel, 


1 

2 

3 

4      15       6; 

!         1 

7       8 

LL603 

H 

Roosebeck    Scar.     More- 
c-ambe  Bay. 

30/4/08  ,1        8.1 

0     SN 

LLG07 

91 

Do.                 "     do. 

21/4/08        1        9] 

0    sx 

LL608 

9 

Do.                     do. 

18/4/08        1        9 

0     sx 

LLC  10 

9 

Do.                     do. 

4/5/08        1        91 

.l,sx 

LLC  11 

•Ji 

Do.                     do. 

20/4/08         1         91 

0    sx 

LL614 

8! 

Bari'ow  Chamicl  

30/4/08        1        8| 
3/5/OS        1        9  J 

0    sx 

LL622 

Roosebeck     Sc-vr.     .Moi'c- 

1 

4 

SN 

cainbe  Hay. 

LLOh-) 

10 

Do.                 ■     do. 

20/4/08        1       10 

0  :  sx 

LL829 

9i 

Do.                     do. 

1(5/4/08        1 

9.', 

0     sx 

LL831 

9" 

Do.                     do. 

3/5/08  :     1 

9.i 

i  SN 

LL832 

10 

Do.                     do. 

20/5/08 

m 

T 

SN 

LL836 

9i 

Do.                     do. 

3  4/08 

9| 

T 

4 

SN 

LL837 

8' 

Do.                     do. 

1  4  (>8 

8J 

i 

SN 

LL840 

81 

Do.                    do. 

4/5/08 

8i 

0 

SN 

LL953 

8i 

Do.                    do. 

11/7/08 

9 

1 

SN 

LL962 

9i 

.Jiniles.S.E.  from  Bahama 
Lightship.  11  fathoms. 

17/10/08 

10 

^ 

ST 

LL96() 

9 

Barrow  Channel  

30/4/08 
3/5/08 

I 

9 

0 

2T 

LL9G8 

91 

Roosebeck    Scar.     .Morc- 

91 

I 

SN 

cambe  Bay. 

LL970 

«i 

Do.                     do. 

23/4/08 

81 

0 

SN 

LL971 

9 

Do.                     do. 

2/5/08 

9 

0 

SN 

LL974 

10 

Do.                     do. 

22/4/08 

10 

0 

SN 

LL97o 

lU 

Do.                     do. 

2/5/08 

lU 

0 

SN 

LL977 

9 

Do.                     do. 

7/4  08 

9" 

0 

SN 

LL979 

8f 

Do.                     do. 

4/5/08 

8,^ 

0 

SN 

LL981 

8 

Do.                    do. 

30/8/08 

11 

3 

SN 

LL982 

8i 

Do.                     do. 

20/4/08 

8| 

0 

SN 

LL983 

8! 

Do.                     <io. 

21/4/08 

81 

0 

SN 

LL984 

82 

Do.                    do. 

3/5/08 

9 

1 

SN 

LL98r) 

9  J 

Do.                      do. 

22/4/08 

0 

SN 

LL989 

8i 

Do.                     tio. 

3/5/08 

U 

SN 

LL994 

9 

8i 

Barrow  Chaniu'l  

8/4/08 
20/4/08 

9 
10 

0 

li 

2T 

LL99r> 

Roosebeck     Scar.     More- 

0 

canibe  Ba\. 

E261 

91 

Do.                 '     do. 

4/5/08 

1 

9J 

1 

SN 

E262 

9.V 

Do.                     do. 

21/4/08 

1 

9| 

0 

SN 

E270 

9 1 

Do.                      do. 

HV4/08 

9J 

0 

SN 

E280 

8j 

Do.                     do. 

29/4/08 

81 

0 

SN 

E283 

8i 

Do.                       do. 

1/5/08 

8| 

0 

SN 

E285 

9 

Do.                     do. 

17/4/08 

9 

0 

SN 

E288 

81 

Do.                     do. 

4/5/08 

81 

0 

SN 

E292 

8i 

Do.                     do. 

1/5/08 

8.1 

0 

SN 

E305 

9i 

Do.                     do. 

16/5/08 

9| 

.1 

4 

SN 

E306 

8! 

Do.                     do. 

21/4/08 

8J 

0 

SN 

E308 

7* 

Do.                    do. 

1(5/4/08 

1 

7.', 

0 

SN 

E315 

8 

Do.                     do. 

1/5/08 

8" 

0 

SN 

E3I8 

9 

Do.                     do. 

18/5/08 

9 

0 

SN 

E319 

10 

Do.                    do. 

3/5/08 

10 

0 

SN 

E322 

H 

Do.                    do. 

5/5/08 

9 

i 

SN 

E324 

3 

Do.                    do. 

17/4/08 

8 

0 

SN 

E327 

3 

Do.                    do. 

21/4/08 

8 

0 

SN 

E328 

9 

Do.                     do. 

22/4/08 

9 

■0 

SN 

E329 

lOi 

Do.                    do. 

22/4/08 

lOi 

0 

SN 

E339 

8 

Do.                    do. 

22/4/08 

1 

8' 

0 

•SN 

I'i-i         'IK.VNS.MTIOXS     1,1  V  K  It  l'( )( )L     UK  »L()(.  ICAl.    .sOtlliTY, 

Experiment    2,    1908        Station  :    Luce    Bay, 
8th  October,  1908. 


1 

2 

3 

4 

5 

6 

7 

8 

LA30 

m 

iJriimmore,  Luce  Bay    . 

.,  lG/ll/08 

1 

13\ 

0 

GN 

Speakiiii>-  o-enerallv.  tlie  results  aie  similar  to  those 
of  foruuM'  years  A  eertaiu  small  propoitioii  of  ])laii-e 
have  mig-raled  (ai)pareiitly  for  (^'oud )  out  from  the  Easteiii 
part  of  the  Irish  Sea.  Two  of  these  instances  are 
interesting^.  Plaice  3»"().  LL.S57  was  recaptured  off  Water- 
ford  by  the  Osteud  steam  trawler  "  •)  ules  Henri,"  0  115; 
and  Plaice  Xo.  LL!)44  was  retaken  in  X.  Lat.  49°  50', 
W.  Long.  (S"  rliat  is.  out  from  the  mouth  of  the  English 
Channel,  hy  the  Fh'etwood  steam  trawler  '"  iMdalia." 

1  may  refer  briefly  to  the  results  of  Experiment  1  of 
IDOiS.  It  will  be  seen  that,  with  one  exception,  the  Hshes 
returned  ha\e  been  reca])lure(l  in  (dose  ])roximity  to  the 
place  of  libeiation.  and  mostly  within  two  months  after 
the  date  of  the  experiment.  The  latest  date  on  wlii(di 
one  of  these  lishes  was  recaptured  in  the  Haridw  area 
was  -{Oth  August.  1!)()(S.  (  >ne  lish  has  l)eeii  reluined  since 
then,  viz.,  LLU()^\  rt'captured  ntai'  Bahama  liank  Light 
Ship.  When  we  nuule  this  experimiMit  we  ex])ecte<l  that 
a  considerabh'  proportion  of  the  nutrkiMl  plaice  would  be 
reCa])tiired  during  A[)iil,  ,May  and  -lune,  but  that,  after 
the  lattei'  month,  ihe  niigi'alion  seawards  would  begin, 
and  that  some  ol  ihe  larger  hshes  would  ])e  retaken  on  the 
grounds  lying  between  ihe  Moreeamlx'  May  ami  liiver])ool 
North-West  Light  Shi|»s,  during  thesnmmei-;  and  in  the 
IJahama  Bank  area,  during  the  late  autumn  and  winter. 
Now,  none  of  these  fishes  has  been  taken  on  the  former 
area,  and  onlv  one  (»n  the  latter  area.  This  tish  is  the 
latest,  belonging  to  the  ex])erimeiit,  t  hat  has  been  returned 
up  to  the  time  of  writing  this  report  (December,  PJ()8). 
The   interpretation   of  these  facts  seems  to   be  that   the 
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plaice  iuliabitiujL^  the  liairow  Cliannel  and  ueiolibourhoud 
have  been  a  practically  slalionarv  fisli  population  during- 
the  first  three  quarters,  at  least,  of  the  year  1!)U8.  As  a 
matter  of  fact,  relatively  cuoruious  catches  of  plaice  have 
been  made  on  these  <>'rounds  during  the  first  half  of  the 
year.  One  tide's  catch,  nuidc  by  one  man  workin<i^  several 
stake  nets,  consisted  of  over  half  a  ton  of  plaice.  'I'here 
were  apparently  <>-reat  areas  of  sea-bottom  in  thi--  locality 
covered  by  small,  g-rowing"  mussels,  and  this  abundance  of 
food  led  to  the  atJ^greg-atum  of  the  plaice  in  its  jieighbour- 
hood.  Towards  the  end  of  the  year  the  fish  of  Age-group 
III  have  apparently  begun  to  move  out  into  deeper  water, 
but  throughout  eight  or  nine  montlis  they  have  practically 
remained  in  the  one  locality. 

This  conclusion  is  supported  by  a  study  of  the  Age- 
grotips  of  representative  samples  of  plaice  taken  from  the 
stake  nets  on  lloosebeck  Scars.  These  results  are  given  in 
the  table  on  page  12(J,  which  deals  with  the  examination  of 
four  lots  of  fish. 

It  will  be  seen  that  the  plaice  examined  in  May 
belonged  for  the  most  j)art  to  the  group  over  one  and  less 
than  two  years  of  age.  In  June,  however,  Age-gr(nip  I 
practically  disappears  and  the  fisli  then  belong  to  the 
group  over  two  ajid  less  than  three  years  of  age,  and  with 
a  modal  size  of  19  centimetres.  In  September  Age- 
group  I  is  also  nearly  absent,  and  the  fish  belong  to  Age- 
group  II,  but  the  modal  size  now  lies  between  24  and  25 
centimetres.  Again,  in  September  Age-group  II  is  the 
principal  one  represented,  and  the  modal  size  is  much 
about  the  same,  perhaps  a  little  greater.  There  are  'a  few 
fishes  in  each  cat(di  belonging  t(j  Age-group  III,  but  not 
many.  Of  course  it  might  be  the  case  tluit  there  was  an 
immigration  of  plaice  beloiiging  to  Age-groups  II  and  III 
during  the  summer  and  autumn  months,  but  I  do  not 
think  this  could  have  been  extensive. 
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PLAICE   MEASrilEMENTS   MADE   DUUING   190S. 
By  .7 as.  .JoirxsTo^'E. 

The  following'  t:ibles  relate  to  the  individual 
measurements  of  21,000  plaice  made  during  the  year 
1!M)S,  mainly  during;  the  months  of  July  to  December. 
The  measurements  were  made  on  board  the  s.s.  "  James 
Fletcher,"  and  on  board  the  sailing  cutters  stationed  at 
Fleetwood  and  Xew  Brighton.  Measuring  boards,  made 
after  the  ])attern  suggested  by  Professor  D'Arcy  W. 
Thompson,  wei'e  used  on  the  "  James  Fletclier."  These 
boards  are  ])rovided  with  cork  inlaid  between  stri])S  of 
celluloid,  the  latter  marking  centimetre  divisions.  Each 
fish  is  laid  on  the  scale,  and  a  brass  ("  lacemaker's  "j  pin 
is  stuck  into  the  cork  strip  opposite  to  the  centimetre 
division  on  which  the  tail  of  the  fish  lies.  By  this  method 
the  fish  are  measured  rapidly  and  exacth',  and  it  is  not 
necessary  to  use  a  notebook  to  record  the  numbers.  When 
the  catch  is  measured  the  board  is  taken  into  the 
laboratory  and  read.  For  some  reason  or  other,  the 
Bailiffs  on  the  sailing  cutters  prefer  to  use  a  notebook 
ruled  in  the  usual  way  and  with  a  centimetre  scale  written 
along  the  left-hand  margins.  A  tick  is  put  opposite  the 
number  called  out  as  each  fish  is  measured. 

The  metliod  adopted  in  the  International  Fishery 
Investigations  is  also  adopted  here — that  is,  no  fractions 
of  a  centimetre  are  recorded,  and  all  fish  measuring 
between  fsav)  15  and  15'9  cents,  aie  legarded  as  measuring 
15  cents.  It  is  necessary  to  add  0"5  cm.  to  averages 
deduced  from  the  measurements. 

Table  I  contains  the  measurements  of  plaice  caught 
off  the  Mersey  estuary  in  a  trawl-net  of  G-inch  mesh,  and 
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Table  II  gives  tlie  measiuenieuts  of  plaite  cauglit  iu  the 
same  area  iu  a  shrimp  trawl  of  ?,-inch  mesh.  In  order  to 
obtain  tlie  modal  sizes  botli  Tables  should  l)e  combined. 
It  is,  however,  more  eon veii lent  to  give  the  measurements 
separately.  Table  III  exhibits  (he  sizes  of  jilaiee  caiight 
in  the  channels  in  ]\lorecambe  ]iay,  also  l)y  a  trawl-net  of 
(i-in(di  nu'sh.  These  tliree  Tal)les  rehUe  to  the  measure- 
ments of  plaice  caught  by  half-decked  sailing  boats. 
Table  IV  shows  the  measurements  of  plaice  caught  also 
iu  a  trawl-net  of  (i-iuch  mesh,  bur  worked  from  the 
steamer  '*  James  Fletcher."  In  all  these  Tables  the  hauls 
taken  during  the  same  months  are  combined. 

Table  V  shows  the  results  of  the  measurement  and 
sex-determinations  of  rather  over  1,()()()  plaice  caught  in 
Luce  Bay  on  one  day  by  the  s.s.  '"  Jauies  I'Tetcher,''  using 
an  otter-trawl  net  of  -ItJ-feet  spread,  and  (d'  T-iucli  mesh. 
The  object  of  these  hauls  was  to  obtain  mature  plaice  for 
hatching  purposes,  and  therefore  it  was  impossible  to 
examine  the  hsh  for  age-determinations. 

Table  VI  shows  the  results  of  the  examination  of 
plaice  caught  during  19U8,  and  gives  the  Age-groups 
based  on  the  examination  of  tlie  otoliths.  (xroup  I 
includes  plaice  between  one  and  two  years  of  age,  II  fish 
from  two  to  three,  and  III  lish  from  thice  to  four  years 
old. 

Tal)le  \  Jl  is  an  attenij)!  lo  e\pi'es.<  numerically  what 
is  meant  by  the  teiin  "cdudiiion  of  the  lish."  A  number 
of  plaice  wcnc  measured  individually,  and  the  lish  were 
then  collected  in  centimetre  groups  and  average  weights 
were  calculated. 

The  object  of  these  measurements  is  two-fold:  (1)  a 
contribution  to  the  life-history  of  the  plaice  in  (lie  Irish 
Sea;  and  (2)  an  attempt  to  study  the  changes  whi(di  may 
possibly     result     IroUi     the     relaxation     of    the     trawling 
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bye-laws  iulrudiicej  at  the  begiuniug  of  the  present  year. 
Formerly  a  trawl-net  of  B-incli  mesh  was  only  allowed  in 
certain  j)laces  and  at  certain  periods  of  the  year,  but  since 
•January,  1908,  this,  form  of  trawl-net  has  become  legal 
over  all  parts  of  the  Lancashire  and  Western  Sea  Fisheries 
District.  It  is  possible  that  the  increase  in  catching 
power  thus  legalised  may  alfect  the  density  of  plaice  in 
local  waters,  but  it  is  practically  certain  that  the  statistics 
of  the  hshery,  as  at  present  collected,  could  not  be  used 
so  as  to  exhibit  any  such  changes.  It  is  indeed  possible 
that  the  increase  in  catching  power,  brought  about  by 
allowing  a  G-inch  trawl  mesli  to  be  used  everj-where, 
instead  of  only  allowing  it  during  a  part  of  the  year,  and 
in  a  restricted  area,  may  not  be  significant,  for  the  natural 
productivity  of  the  Irish  Sea  fishing  grounds  may  easily 
bear  this  extra  demand.  But  however  this  may  be,  it  is 
probable  that  it  is  only  by  a  study  of  the  modal  sizes  of 
the  plaice  caught  for  the  next  two  or  three  years,  that 
any  change  in  this  productivity  is  to  be  detected.  If 
there  should  be  no  such  change,  then  we  may  be  fairly 
sure  that  the  relaxation  of  the  restrictions  on  trawling 
and  trawl-net  meshes  is  not  likely  to  be  detrimental  to 
the  fishing  grounds. 

It  would,  of  course,  be  premature  to  discuss  these 
data  at  the  present  time,  and  they  are  collected  and 
summarised  here  in  order  to  save  the  time  that  would  be 
spent  in  working  them  up  if  they  were  allowed  to 
accumulate.  It  is  also  necessary  to  study  the  figures 
collected  from  time  to  time  in  order  that  any  changes  in 
methods  suggested  might  be  adopted. 
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I.— Off  the  Mersey  Estuary.     Fish-trawl,  6"  mesh. 


Size 
in  cms. 


August. 


September.       October.        November.   ,    December. 


11 
12 
13 
14 
15 
16 
17 
18 
19 


3 
12 
99 
294 
611 
705 
493 
232 
124 


1 
3 
33 
232 
060 
879 
571 
293 
179 


17 
173 
452 
348 
307 
199 


1 

3 

42 

109 

78 
03 


1 

2 

17 

70 
187 
276 
208 
129 

78 


20 

110 

100 

159 

19 

88 

21 

74 

112 

141 

21 

70 

22 

48 

111 

104 

29 

66 

23 

31 

61 

85 

18 

31 

24 

21 

33 

48 

8 

26 

25 

4 

20 

53 

9 

20 

26 

2 

13 

27 

5 

9 

27 

— 

9 

22 

1 

5 

28 

— 

1 

17 

2 

1 

29 

2 

— 

12 

— 

2 

30 

— 

— 

3 

— 

— 

31 

1 

1 

— 

— 

32 

— 

1 

1 

1 

— 

33 

— 

2 

— 

— 

— 

34 

— 

— 

1 

— 

— 

35 

— 

— 

— 

— 

— 

36 



— 

— 

— 

— 

37 

1 

2 

— 

— 

38 

— 

2 

— 

— 

— 

39 

— 

1 

— 

— 

\   — 

40 

~ 

" 

Totals... 

2866 

•.v.wyi 

2176 

441 

1236 
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II. — Off  the  Mersey  Estuary'.     Shrimp-trawl,  h"  mosh. 


Size 
in  eras. 

July. 

September. 

October. 

Decern  l)er. 

3 

3 

4 

36 

— 

— 

85 

5 

43 

51 

1 

222 

6 

11 

151 

— 

131 

7 

2 

131 

2 

161 

8 

27 

46 

— 

82 

9 

70 

28 

3 

92 

10 

42 

6 

2 

27 

11 

26 

12 

3 

21 

12 

19 

12 

3 

15 

13 

1 

66 

13 

8 

14 

1 

82 

21 

6 

15 

— 

122 

50 

20 

16 

— 

74 

51 

12 

17 

7 

42 

50 

7 

18 

5 

15 

30 

5 

19 

1 

13 

20 

2 

20 

— 

8 

18 

5 

21 

1 

9 

11 

6 

22 

1 

11 

4 

4 

23 

— 

7 

2 

5 

24 

2 

5 

2 

1 

25 

— 

— 

— 

2 

26 

— 

3 

— 

2 

27 

— 

— 

— 

1 

28 

" 

" 

1 

Totals 


298 


894 


286 


923 
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III. — Fleetwood  Channel,  Barrow  Channel,  Morecambe 
Bay.  6"  mesh. 


Size 
in  cms. 

July. 

i 

AucrUSt. 

Sept. 

f 

Orti)lier. 

! 

Xov. 

Doc'Pinber. 

13 

1 

1 

1 

1 

1 

14 

2 

4 

4 

i    — 

5 

1 

15 

34 

9 

8 

'   12 

18 

6 

16 

63 

46 

32 

23 

68 

22 

17 

120 

76 

38 

36 

117 

28 

18 

68 

71 

66 

40 

163 

23 

19 

116 

72 

66 

38 

80 

19 

20 

141 

58 

92 

15 

78 

18 

21 

68 

46 

70 

33 

49 

16 

22 

61 

34 

67 

35 

48 

21 

23 

16 

29 

49 

27 

43 

17 

24 

18 

29 

35 

20 

30 

18 

25 

10 

8 

21 

14 

20 

8 

26 

7 

11 

22 

6 

19 

6 

27 

5 

5 

22 

6 

9 

4 

28 

1 

3 

4 

2 

7 

6 

29 

4 

2 

3 

3 

6 

3 

30 

4 

— 

4 

— 

4 

2 

31 

— 

— 

1 

— 

1 

— 

32 

— 

— 

— 

1 

— 

1 

33 
34 
35 
36 
37 
38 
39 
40 

2 

— 

— 

— 

1 

1 

1 
1 

1 

— 

1 



1 
Totals... 

742 

506 

606 

311 

766 

221 
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IBB 


IV.— 

FiLAcKPooL  Closed 


Red  Wiiakf 
Ray 
Beai'maris 


Ground  : 

Bay  ; 

Off  N] 

7.W  Qu.\y  Head, 

NEAR 

Nelson  Buoy  ; 

Channel 

S 

.  Wales 

NEAB 

.  Jumbo  Buoy. 
6"  mesh. 

Course ; 
CoLWYN  Bay. 
6"  mesh. 

1 

Size 

1 

in 

Aug. 

Oct. 

Sept. 

Nov. 

May. 

July. 

Oot. 

nms. 

1 

13 

1 

13 

2 

14 

__ 

. — 

4() 

9 

1 

— 

— 

15 

2 

— 

115 

32 

3 

— 

— 

18 

S 

— 

185 

94 

4 

— 

— 

17 

47 

264 

259 

80 

6 

— 

5 

18 

81 

17 

175 

48 

13 

1 

5 

19 

95 

37 

175 

33 

12 

1 

8 

20 

88 

74 

167 

23 

21 

6 

4 

21 

71 

73 

135 

25 

22 

8 

8 

22 

72 

56 

132 

15 

20 

21 

9 

23 

35 

64 

100 

4 

17 

41 

7 

24 

I'' 

55 

150 

17 

21 

56 

10 

25 

'7 

24 

132 

2 

16 

49 

11 

26 

7 

9 

123 

5 

15 

41 

5 

27 

3 

5 

128 

8 

3 

27 

9 

28 



2 

89 

8 

1 

13 

5 

29 

5 

— 

61 

4 

1 

6 

4 

30 

I 

— 

68 

7 

1 

3 

1 

31 

— 

1 

37 

7 

1 

1 

3 

32 

1 

22                2 

1 

— 

2 

33 

— 

. — 

~\n            2 

1 

— 

— 

34 

1 

. — 

— 

. 

— 

— 

35 

— 

10            (41)  3  . 

— 

— 

1 

36 

_ 

1 

2 

1   (44)   1 

— 

— 

37 

— 

— 

1 

2  (45)  2 



— 

— 

38 

. — 

— 

2 

(47)  1 

— 

— 

— 

39 

] 

— 

2 

— 

— 

1 

40 

— 

— 

0 

— 

— 

Totals 

542 

e.82 

1 

2348 

441 

180 

274 

98 

184 

v.— 
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UCK  Bay.     7"  Trawl-net.     Six  Hauls.  7th  October.   1908. 


Size 
in 

0 

? 

Total. 

Size 
in 

J 

? 

Total. 

cms. 

cms. 

12 

I 

1 

2 

38 

12 

27 

39 

13 

1 

— 

1 

39 

9 

24 

33 

14 

1 

1 

2 

40 

6 

19 

25 

15 

3 

1 

4 

41 

— 

16 

16 

16 

9 

8 

17 

42 

1 

24 

25 

17 

19 

23 

42 

43 

1 

10 

11 

18 

28 

16 

44 

44 

— 

13 

13 

19 

29 

39 

68 

45 

— 

3 

3 

20 

35 

37 

-•) 

4(1 

2 

.") 

7 

21 

29 

36 

65 

47 

— 

1 

1 

22 

19 

20 

30 

48 

— 

2 

2 

23 

18 

13 

31 

40 

1 

1 

2 

24 

17 

10 

27 

.-)0 

— 

3 

3 

25 

17 

16 

33 

.-)] 

— 

2 

2 

26 

9 

11 

20 

.•52 

— 

— 

— 

27 

f) 

l(i 

21 

.-)3 

— 

— 

— 

28 

13 

14 

27 

54 

— 

~" 

— 

20 

G 

8 

U 

.").! 

— 

— 

— 

30 

1.-. 

12 

27 

."■)() 

— 

— 

— 

31 

7 

1 

1  i 

•  1  / 

— 

— 

— 

32 

21 

17 

3S 

."iS 

— 

I 

1 

33 

30 

2r, 

o.'i 

50 

— 

— 

— 

34 

24 

23 

47 

60 

— 

— 

— 

35 

;   31 

1 

24 

.5.^ 

61 

— 

— 

36 

i 

26 

30 

.')f. 

r.2 

— 

1 

I 

37 

18 

1 

30 

48 

Totals 

463 

590 

1053 
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VI. — Sizes  and  Ages  of  Plaice.     Morecambe  Bay, 
Blackpool,  Nelson  Buoy. 


Sex. 

Females. 

Males. 

Age-group 

I 

II 

ni 

I 

II 

III 

Size,  cms. 
12 
13 

1 
1 

4 



4 





14 

8 

— 

— 

8 

— 

— 

15 

18 

4 

— - 

26 

6 

— 

16 

31 

5 

— 

16 

12 

17 

28 

13 

— 

21 

24 

— 

18 

18 

25 

— 

20 

45 

— 

19 

23 

63 

— 

21 

24 

— 

20 

16 

41 

1 

14 

34 

9 

21 

8 

27 

4 

10 

28 

— 

22 

3 

19 

2 

3 

21 

— 

23 

3 

19 

6 

1 

13 

2 

24 

— 

29 

1 

1 

24 

— 

25 

— 

19 

1 

— 

17 

3 

26 

1 

16 

2 

11 

1 

27 

— 

8 

3 

— 

10 

2 

28 

— 

4 

1 

— 

6 

1 

29 

— 

4 

1 

— 

2 

2 

30 

— 

— 

7 

— 

1 

2 

31 

— 

— 

— 

3 

1 

32 
33 
34 
35 
36 

— 

1 

2 

— 

1 

1 

— 

— 

— 

— 

— 

1 

z 

z 

z 

z 



X. 

37 

— 

1 

— 

~~ 

— 
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Totals... 

161 

300 

31 

145 

282 

25 

136 
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YII. — Length  and  Weight  of  Plaice. 


July. 

September. 

Barrow  Chaxxel.* 

LUNE 

AND  V 

k'YRE. 

Red  Whakf 

Bay. 

Size   1 
cms. 

No.  of 
Fish. 

Average    i 
Weight.            A-.f 

No.  of  A'v'g 
Fish    W'ght. 

A-. 

No.  of'  AVg 
Fish.   W'ght. 

/,-. 

15 

1 

— 

-  ■              ■  t  -   •           — 
_        1         _ 

8 

44 

1-26 

43         40 

115 

16 

— 

—                 — 

17 

52 

1-27 

49         47 

1  • 

114 

17 

8           1     58               1-18 

28 

59 

1-20 

44         57 

116 

18 

20 

66             '  113 

27 

71 

1-21 

14     i     71 

1 

1-21 

19 

31     (4) 

76     (87)     1-10  (1-26) 

20 

75 

1-09 

14         78   . 

113 

20 

21     (8) 

85     (95)  i  1-06  (1.18) 

17 

90 

M2 

22 

88 

110 

21 

12  (12) 

96  (111)     1-03  (1-2) 

11 

99 

106 

22 

98 

105 

22 

8     (6) 

108  (119)     1-01  (111) 

8 

127 

119 

11 

114 

1-07 

23 

7     (9) 

136  (143)    1-12  (M7) 

4 

117 

0-96 

8        131 

107 

24 

6  (20) 

144  (158)    104  (1-14) 

— 

— 

— 

9       147 

106 

25 

(14) 

(185)  I           (1-18) 

— 

— 

— 

7        161 

103 

26 

3  (16) 

192  (200)     109  (1-13) 

— 

— 

8        192 

109 

27 

(10) 

(250)  i           (1-27) 

— 

— 

6     1  195 

0-99 

28 

(4) 

(274)             (l->24) 

— 

— 

— 

~    i     "~ 

— 

29 
30 
31 

— 

— 

— 

— 

— 

— 

— 

(3) 

1 
(322)           — 

— 

— 

— 

— 

*  Fi^curcs  without   bracket.s   refer  to  May  measurements.     Figures  enclosed 
in  l)rackctH  refer  to  September  measurements. 

t  The    coefficient  k  =  "'      7v  =  weight,  and  /  =  lou^'lli,  hotli  in  metric 

units.  ^^ 
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DESCRIPTION   OF    THE   FISHERIES    CRUISER, 
"  JAMES  FLETCHER." 

By  Capt.  a.  Wignall  and  Jas.  Johnstone. 

The  "  James  Fletcher  "  is  a  schooner-rigged,  twin- 
screw  steamer.  Her  dimensions  are  as  follows: — Length 
between  perpendiculars,  139  feet  6  inches ;  beam 
23  feet ;  draft  forward,  8  feet;  draft  aft,  11  feet.  She 
was  built  by  Messrs.  Phillip  &  Sons,  Dartmouth,  in  1907. 

There  are  two  sets  of  triple-expansion,  inverted, 
direct-acting,  surface-condensing  engines.  The  cylinders 
are  two  of  10  inches,  two  of  16  inches,  and  two  of  20 
inches.  The  stroke  is  20  inches ;  and  the  indicated  horse- 
power is  600,  capable  of  driving  the  vessel  at  a  speed  of 
twelve  knots.  There  is  no  forced  draught.  The  boiler  was 
made  by  Messrs.  Richardson  &  Westgarth,  Middles- 
borough.  It  is  about  14  feet  3  inches  by  10  feet  6  inches, 
with  three  furnaces  stoked  forward;  multitubular,  and 
with  a  working  pressure  of  185  lbs.  It  is  fitted  with 
Brundret's  Temperature  Balance  for  automatic  water 
circulation. 

The  gross  tonnage  is  263'61,  and  the  deductions  are 
238  tons.  It  is  obvious  from  these  figures  that  there  is 
plenty  of  accommodation  on  board.  In  fact,  accommo- 
dation is  found  for  a  crew  of  twelve  officers  and  men ; 
and  there  are  cabins  for  the  Master  and  Superintendent, 
three  scientific  men,  and  two  members  of  Committee,  or 
guests.  There  is  a  large  dining  saloon  forward,  and  a 
messroom  aft  for  the  crew.  The  mate,  engineers,  and 
boatswain  have  sleeping  accommodation  aft,  and  the 
cook,  steward,  deckhands  and  stokers  sleep  in  a 
commodious  forecastle.  There  is  a  large  chart-room  on 
the  deck  forward,  providing  plenty  of  room  for  clerical 
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work,  and  also  room  for  scientific  work  of  a  more  delicate 
character.  There  is  a  bridge-deck  over  the  chart-room, 
on  which  is  a  wheel-house.  The  ship  is  fitted  with  electric 
light  throughout,  electric  side,  and  mast-head  lights,  and 
with  a  powerful  searchlight,  which  is  placed  on  the 
bridge-deck  forward.  There  are  strong  portable  lights 
for  use  in  the  laboratory,  and  below  hatches,  and  also  for 
use  on  deck  when  trawling  or  doing  scientific  work  in  the 
dark.  The  vessel  is  provided  with  steam  steering  gear, 
the  steering  engines  being  situated  aft  over  the  rudder 
head. 

The  laboratory  is  aft,  and  is  provided  with  plenty  of 
storage  accommodation,  bottle  racks,  cabinets  for  the 
storage  of  specimen  bottles  and  tubes,  lockers,  drawers 
and  cupboards.  Beneath  the  laboratory  is  a  large  store- 
room entered  through  a  hatch.  This  is  used  for  the 
storage  of  the  more  bulkj^  scientific  apparatus.  Behind 
the  laboratory  is  a  large  storeroom,  entered  through  a 
hatch  on  the  main  deck.  This  is  used  for  the  storage  of 
trawling  gear,  &c.  There  is  a  large  dissecting  table  in 
the  laboratory,  and  a  smaller  table  provided  with  a  large 
sink.  Fresh  water  is  laid  on.  Rough  work,  such  as 
measuring  and  gutting  fish,  is  done  on  the  main  deck  in 
the  lee  of  the  deck-house.  There  is  a  large  tub  on  the 
deck  which  can  be  kept  filled  with  sea  water  from  a  pump, 
and  portable  tank  accommodation  is  provided  by  means 
of  which  a  fairly  large  number  of  fish  can  be  kept  alive. 

The  vessel  carries  an  otter-trawl  on  the  port  side,  and 
a  beam-trawl  on  the  starboard  side.  The  hauling  gear 
consists  of  a  large  trawl  winch  on  the  main  deck,  on  to 
which  can  be  fitted  an  accessory  friction-drive  winch, 
which  has  several  drums,  each  carrying  a  special  steel 
wire.*     These  are  used  for  working  the  lighter  apparatus, 

*  This    winch    was    ingeniously   defiigned    and    constructed    by 
Messrs.  Robertson  &  Sons,  Engineers,  Fleetwood. 
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such  as  water  bottles,  thermometers,  plankton  nets,  &c. 
There  is  a  derrick  on  the  mainmast,  and  a  single  davit 
on  the  main  deck  aft.  These  are  used  for  working  lighter 
fishing  gear,  ;ind  other  scientific  apparatus.  Shi'imp 
trawl  and  shank  nets  are  also  carried. 


6  set  screws 


9  ins. 


Removeoble 
drum 


Brass  '  bush 


Pig.  3. — Section  of  Friction-drive  Accessory  Winch. 


The  scientific  apparatus  includes: — Two  large 
vertical  Hensen  nets;  two  medium  vertical  llensen  nets; 
two  large  vertical  egg-nets:  these  aic  Ifcnscn  nets 
constructed  with  coarse  silk;  two  shear-nets  (iliis  is  the 
Helgoland  '"  Scherbrutnetz  ") ;  Petersen's  "  Vngel- 
trawl  "  ;  ordinary  surface  tow-nets,  of  course:  llic  siikiII 
Nansen-Pettersson  water-bottle,  used  In  the  Tiilcriiational 
Fishery  Investigations,  with  reversing  tliejinonictcr 
frame,  and  thermometer  ;  and  with  a  s(\t  of  four  Hansen 
deep-water  thermometers,  all  provided  with  ihc 
C'harlottenburg  certificates.  SnrCace  theinioiiielers,  and  a 
set  of  the  Kiel  h  \  ;li  oiiielers  and  t  lieniioitieter,  ai'e  carvit'd. 
Wet  and  dry  bull)  aii'  i]ieirnf)iiiel(;i'S  are  (i\e(l  on  (he  deck- 
house aft,      A  self-recording  ba roniele!   is  hung  on  s|)rings 
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in  the  chart-room.        Other  meteorological   apparatus  is 
not  yet  provided. 

Sounding  is  carried  on,  when  scientific  work  is  being 
done,  by  means  of  the  smaller  Lucas  Automatic  Sounding 
Machine.  This  is  fixed  on  a  portable  bracket  which  is 
carried  on  the  rail  just  forward  of  the  bridge  deck. 
Lighter  apparatus,  such  as  thermometer  frames,  can  be 
worked  from  the  steel  wire  of  the  sounding  machine. 
Instead  of  the  ordinary  pianoforte  wire  usually  employed 
with  this  machine,  a  strand  of  seven  No.  25  galvanised 
steel  wires  is  used  with  twenty-pound  leads. 

The  Nansen-Pettersson  water-bottle  is  worked  by 
means  of  a  steel  wire  rope,  consisting  of  six  strands  each 
of  eighteen  wires,  and  coreless.  The  rope  is  half  an  inch 
in  circumference,  and  has  a  breaking  strain  of  35  cwts. 
This  is  stronger  than  is  required  for  the  water-bottle,  but 
the  wire  rope  can  also  be  used  for  the  pelagic  nets,  and 
economy  of  apparatus  is  secured.  The  wire  is  carried  on 
a  portable  drum  which  is  fitted  on  to  the  accessory  winch. 
The  wire  passes  from  the  latter  (see  figs.  1  and  2)  aft  to  the 
metre-wheel,  which  hooks  on  to  a  detachable  screw 
ej'e-bolt  let  into  a  socket  on  the  deck.  The  wire  then 
passes  over  a  snatch  block  at  the  davit  head.  The  drum 
of  the  accessory  winch  is  a  "  free-wheel  "  which  runs  out 
easily.  When  the  bottle  is  hauled  a  collar  with 
projecting  lugs  is  tightened  against  the  end  of  the  drum, 
and  the  latter  is  worked  by  starting  the  trawl  winch. 
The  defect  of  this  arrangement  is,  of  course,  that  the 
drum  cannot  be  revolved  very  rapidly.  In  a  sounding  in 
water  of  145  fathoms  about  six  minutes  were  required  to 
haul  the  apparatus,  but  since  the  great  majority  of 
hydrogi-apliic  soundings  to  be  made  in  the  Irish  Sea  deal 
with  wiiter  of.  twenty  to  forty  fathoms  in  depth,  this 
slowness  of  hauling  is  a  matter  of  no  importance. 
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The  Nansen-Pettersson  water-bottle  has  given  every 
satisfaction.  An  occasional  difiiculty  in  locking  was 
remedied  bv  the  adjustment  of  the  catches  on  the  lateral 
rods,  and  by  close  attention  to  the  cleanness  of  the  latter. 
The  closure  of  this  water-bottle  is  very  complete.  When 
it  has  been  locked  it  has  been  found  impossible  to  open  it 
even  when  the  catches  at  the  sides  are  loosed,  until  the 
A'alve  at  the  top  is  opened.  It  would  be  an  advantage  it 
the  coj)per  wire  ropes  carrying  the  Aveight  could  be 
replaced  by  chains,  for  the  wires  of  these  ropes  are  apt  to 
break  and  cut  the  hands  of  those  working  the  apparatus. 

With  this  apparatus  it  is  found  possible  to  take 
hydrographic  soundings  even  in  a  fairly  rough  sea. 
Soundings  are  always  made  on  the  windward  side  of  the 
vessel  and  with  the  wind  about  three  to  five  points  on  the 
port  side  (on  which  the  davit  is  placed).  Careful 
manoeuvring  of  the  vessel  is,  of  course,  necessary,  but  we 
have  very  seldom  found  the  weather  bad  enough  to 
prevent  the  work  being  done.  In  a  rough  sea  it  is 
necessary  to  make  allowance  for  the  rise  and  fall  due  to 
the  heave  of  tlie  ship,  in  converting  the  fathoms  of  depth 
indicated  by  the  sounding  machine  into  metres  (which 
are  iudicaied  on  tlie  metre  wlieel).  It  would  be  an 
advantage  in  practical  working  if  the  Lucas  machines 
were  made  to  indicate  metres,  and  if  the  gearing  of  the 
clock  were  made  to  indicate  units  and  tens  on  dilVcvcnt 
dials.  Sounding  machine  and  metre  wlieel  give  almost 
identical  readings,  and  when  only  one  or  two  metres  ai(> 
allowed  for  clearance;  lioin  the  sea  bottom,  it  is  ottcn 
found  that  the  |)it(liing  of  the  vessel  in  a  seaway  is 
suthcient  to  make  the  w  atcr-liot  t  le  weight  just  touch  the 
Vjottom. 

(>rdin;ii\-  snil;icc  tow -nets  arc  hauh'd  lioni  loiwiitd 
on    file   \vin(i\\;ii(l   side   ol    the   vessel.         it    h;is    Iteeu    found 
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that  it  is  undesirable  to  use  the  tow-nets  over  the  stern  on 
account  of  the  mixing  of  the  layers  of  water  caused  by 
the  propellers.  It  is  also  bad  practice  to  tow  the  net 
directly  from  the  ship's  side.  It  is  very  desirable  to  use 
the  net  always  on  the  windward  side.  There  appears  to 
be  a  difference  in  the  plankton  taken  to  windward  and 
leeward — that  is  if  the  ship  is  making  any  leeway.  A 
small  otter-board  of  about  two  feet  square  is  trimmed  so 
as  to  tow  well  out  from  the  ship's  side,  and  the  tow-nets 
are  fastened  to  this.  By  this  arrangement  the  net  tows 
about  five  or  six  feet  out  from  the  side,  and  it  is  practically 
unaffected  by  rolling  or  pitching  which,  when  the  net  is 
towed  from  a  rope  fastened  to  the  side  directly,  are  apt 
to  cause  the  net  partially  to  rise  out  of  the  water,  and 
vice  versa. 

Deep  hauls  with  the  ordinary  tow-net  were  formerly 
made  simplv  by  attaching  the  net  to  the  back  of  the  trawl, 
using  a  short  rope  so  that  the  net  could  not  roll  off  the 
latter.  But  this  did  not,  of  course,  give  a  really  bottom 
sample.  It  was  useful  for  securing  a  rough  sample  of  the 
general  plankton  contents  of  the  water,  and  this  is,  of 
course,  all  that  can  be  expected  from  hauls  taken  by 
means  of  nets  unprovided  with  conical  head  pieces.  By 
far  the  most  accurate  means  of  exploring  the  vertical 
distribution  of  the  plankton  is  that  of  taking  samples  of 
the  water  at  different  depths  by  means  of  the  water-bottle, 
and  we  have  practised  this  on  many  occasions. 
Unfortunately  the  capacity  of  the  Xansen-Pettersson 
bottle  is  too  small  in  general  to  afford  a  big  catch.  It 
would  be  an  advantage  if  some  water-bottle  were  designed 
for  this  parpose  alone.  Kofoid  has  indeed  suggested  a 
form  of  water-bottle  for  collecting  plankton,  but  the 
apparatus  appears  to  us  to  be  rather  costly. 

The  vertical  nets  are  worked  in  the  same  manner  and 
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by  the  same  gear  as  iu  the  case  of  the  water-bottle.  The 
net  after  being  hauled  is  washed  on  the  outside  by  means 
of  the  hose,  and  the  contents  of  the  bucket  are  run  through 
a  small  piece  of  silk  of  the  same  mesh  as  that  employed 
in  the  construction  of  the  net  itself.  This  silk  filter  is 
sprung  on  to  the  end  of  a  short  brass  collar,  two  and  a  half 
inches  in  diameter,  and  the  same  in  depth,  by  means  of  a 
strong  rubber  band.  The  catch  remains  on  the  silk  and 
partly  on  the  sides  of  the  brass  collar.  The  silk  is  then 
unfastened  and  either  placed  at  once  in  the  bottle  of 
preservative  oi  it  i::  held  up  by  one  corner  and  the  catch 
is  washed  off  by  a  stream  of  preservative  from  a  wash 
bottle;  and  the  small  quantity  of  plankton  adhering  to 
the  sides  of  the  collar  is  likewise  washed  off.  All  bottles 
employed  are  marked  by  a  number  painted  on  the  outside, 
and  this  number  is  entered  on  the  form  recording"  the 
condition  under  which  the  catch  was  made.  Possibility 
of  confusion  of  the  catches,  and  the  necessity  of  writing- 
labels,  which  are  apt  to  come  off',  are  thus  obviated.  It 
has  been  found  to  be  a  bad  plan  to  insert  a  numbered 
paper  label  in  the  bottle  containing  the  catch,  as  some  of 
the  finer  plankton  organisms  are  sure  to  adhere  to  tlie 
paper.  The  preservative  fluid  always  used  is  2^  per  cent, 
commercial  formalin  in  sea  water. 

The  "  Scherbrutnetz  '"  is  worked  from  the  same  gear 
as  in  the  case  of  the  vertical  nets.  It  is  found  tJiat  the 
wire  rope  referred  to  above  is  strong  enough 'to  Imul  tliese 
nets.  The  ro})e  passes  round  the  metre-wheel  :is  Itdorc 
and  over  a  snatcli  block  at  the  single  davit  head,  wnd  llicii 
over  a  block  on  the  after  trawling  (hivil  on  the  poit  side. 
The  height  of  this  davil  hciMJ  jiboNc  flic  sni'facc  of  the 
water  is  known:  ihc  length  ol  wire  rnn  oul  is  ;(ls(t 
recorded  on  (lie  inetrc-w  licrl.  A  nicsscngei'  is  lastciied 
to  the  cml  ol  ii   nictic  t;i|H'-linc  iind  jllowrd  (o  slide  dow  n 
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the  rope  till  it  touches  the  water.     The  length  of  rope 

between  the  water  surface  and  the  block  is  then  recorded, 

and  from  these  data  the  depth  at  which  the  net  is  towing 

is  easily  calculated : 

Total  length  of  rope  out*      _     length  of  rope  ahove  water . 
depth  of  net  height  of  davit  head 

assuming,  of  course,  that  the  line  is  straight ;  and  with  a 
thin  wire  rope,  and  the  comparatively  heavy  strain  of 
hauling  the  net  with  its  shear-board,  the  deviation  from 
the  straight  may  be  neglected. 


■  I'lie  metre  wheel  is  read  when  the  net  is  fir.st  in  the  water,  and 
then  again  when  the  haul  begins. 
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REPORT  ON  THE  HYDROGRAPHIC  WORK  IN 
THE  IRISH  SEA  DURIXG  1908. 

By     Hekry     Bassett,     Juii.,     D.Sc,     Ph.D.,     Assistant 
Lecturer  in  ( 'liemistr}'  iu  the  University  of  Liverpool. 

The  hydrog-raphic  work  begun  in  1906*  has  been 
continued  aloiia-  similar  lines  during:  the  last  year. 

Samples  were  collected  during  February,  May,  July 
and  October  from  the  ten  stations  situated  on  the  line 
running  from  Piel  Gas  Buoy  to  Calf  of  Man  to  Holyhead, 
and  thence  across  Carnarvon  and  Cardigan  Bays.  The 
positions  of  the  stations  are  shown  ou  the  chait  on  p.  HiS. 
In  June  a  special  trip  was  made  to  study  the  deep  water 
to  the  West  of  the  Isle  of  Man  and  off  the  Mull  of 
Galloway.  As  on  previous  occasions,  the  water  samples 
have  been  collected  by  my  colleague  Mr.  James 
Johnstone,  only  the  analyses  being  carried  out  by  myself. 
The  equipment  of  the  steamer  "James  Fletcher,"  from 
which  the  observations  were  made,  is  described  by 
Captain  Wignall  in  a  separate  paper. 

Full  details  of  the  various  observations  are  given  in 
the  following  tables.  The  first  column  gives  the  depth 
in  metres;  T°  is  the  temperature  (Centigradej  of  the  water 
in  situ;  CI  7oo  is  the  ainonni  of  chloi'ine  per  1000  parts 
of  water  as  found  l)y  the  titration;    S  7og  is  the  salinity; 

and  1  +    -  '  -  "'ives  tlic  (lensit\'  of  the  sample  of  water  at 
1000  ^  •  ^ 

the  temperature  T  .  The  position  of  the  station  and  the 
date  on  which  the  samples  were  collected  are  given  above 
each  table. 

Tlie  present  Re])ort  conclndes  Mith  a  discussion  of 
several  general  conclusions  which  can  be  drawn  from  the 

*Sec  Trans.  Biologicii'1  Society  of  Jjiverpool.  Vol.  XXII,  1908, 
pp.  51-7'.». 
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results  of  the  liydrographic  work  carried  out  during  the 
three  years  190()  to  1908. 

Feb.  25,  1908. 

Station  I.  (S.15  a.m.)  54°  N. ;   3°  30'  W.     Depth  of 
station,  23"8  metres. 


Depth  (metres) 


ci7o 


S7c 


o^t 


0 

5-2 

18-08 

32-66 

10 

5-1 

18-08 

32-66 

22 

5-1 

18-11 

32-72 

25-83 
25-84 
25-89 


Station  II.  (9.15  a.m.)  54°  N. ;   3°  47'  W.     Depth  of 
station,  34'7  metres. 


Depth  (metres) 

rpo 

ci7oo 

S7oo 

o-t 

0 
10 
33 

5-5 
5-2 
5-3 

18-14 
18-14 
18-18 

32-77 
32-77 
32-84 

25-88 
25-92 
25-97 

Station  III.  (10.10  a.m.)  54°  X. ;  4°  4'  W.     Depth  of 
station,  40*2  metros. 


Depth  (metres) 

mo 

ci7oo 

C!  o/ 
^    /oo 

o-t 

0 
10 
36-6 

5-8 
5-5 
5-5 

18-32 
18-33 
18-33 

33-10 
33-12 
33-12 

26-11 
26-15 
26-15 

Station  lY.  (11.15  a.m.)  54°  N. ;   4°  20'  W.     Depth 
of  station,  42  metres. 


Depth  (metres) 

rpO 

ci7oo 

S7oo     '      <^t 

0 
10 
36-6 

5-9 
5-7 
5-6 

18-46 
18-44 
18-45 

33-35            26-28 
33-31             26-28 
33-33            26-30 
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Station  V.  (12.50  p.m.)  53°  53'  N. ;  4°  46'  AV.    Depth 
of  station,  5()'7  metres. 


Depth  (metres) 

rpo 

C17oo 

S7oo 

0"t 

0 

7-3 

18-97 

34-27 

26-83 

20 

7-3 

18-94 

34-22 

26-78 

40 

7-2 

18-95 

34-23 

26-81 

55 

7-2 

18-95 

34-23 

26-81 

Station  YI.  (1.50  p.m.)  53°  43'  N. ;  4°  44'  W.     Depth 
of  station,  62'2  metres. 


Depth  (metres) 

rpo 

ci7oo 

S7oo 

o-t 

0 

7-1 

19-04 

34-40 

26-96 

20 

7-0 

19-00 

34-33 

26-91 

40 

7-0 

19-01 

34-34 

26-93 

55 

7-0 

19-02      J 

34-36 

26-94 

Station  VII.  (2.50    p.m.)      53°  33'   N. ;    4°  41'   W. 
Depth  of  station,  49'.4  metres. 


Depth  (metres)          T°               CI  7„„ 

S7oo 

o-t 

0 
20 
45-7 

7-3 
7-0 
7-0 

19-03 
19-02 
19-02 

34-38 
34-36 
34-36 

26-94 
26-94 
26-94 

May  13  to  15,  1908. 

Station  I.     15/5/08  (10.45  a.m.)     54°  N. ;   3°  30'  W. 
Depth  of  station,  29'2  metres. 


Depth,  (metres) 

T°        1      CI  7,, 

S7po 

o-t 

0 
10 
27-5 

8-95             17-88 
8-85             17-96 
8-4               18-05 

32-30 
32-45 
32-61 

25-03 
25-16 
25-38 
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Station  II.     15/5/08  (9.45  a.m.)     54°  X. ;    3°  47'  W. 
Depth  of  station,  40'2  metres. 


Depth  (metres) 

mo 

ci7oo 

S7oo 

0 
10 

38 

8-85 

8-4 

7-9 

18-23 
18-27 
18-50 

32-94             25-54 
33-01       :      25-68 
33-42       j      26-14 

Station  III.     15/-5/08  (8.40  a.m.)     54°  N. ;   4°  4'  W 
Depth  of  station,  40"2  metres. 


Depth  (metres) 

mo 

ci7oo 

S7 

"    /oo 

<xt 

0 
10 
38 

8-1 
8-0 
7-95 

18-61 
18-61 
18-61 

33-62            26-21 
33-62       '      26-22 
33-62            26-22 

Station  IV.     15^5/08  (7.45  a.m.)     54°  X. ;   4°  20'  W. 
Depth  of  station,  45" 7  metres. 


Depth  (metres) 

rpo 

Cl°/oo        ;          S^o         i            ^t 

0 
10 
44 

8-25 

8-0 

8-0 

18-79       i       33-95            26-44 
18-79              33-95            26-48 

18-80              33-96            26-49 

1 

Station  Y.    14/5/08  (10.55  a.m.)  53°  53'  X. ;  4°  40'  W 
Depth  of  station,  82"3  metres. 


Depth  (metres) 

rpo 

ci7oo 

S7oo 

o-t 

0 
10 
30 
80-5 

8-2 
8-1 
8-0 
8-0 

18-96 
18-96 
18-96 
18-95 

34-25 
34-25 
34-25 
34-23 

26-68 
26-70 
26-71 
26-70 
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Station  VI.    14/5/08  (!).o5  a.m.)  53°  43'  X. ;  4'^  44'  W. 
Depth  of  station,  64  metres. 


Depth  (metres) 

mo 

ci7oo 

S7oo 

o-t 

0 

8-35 

18-90 

3414 

26-58 

10 

8-0 

18-90 

34-14 

26-63 

30 

7-95 

18-89 

34-13 

26-61 

62 

7-95 

18-88 

34-11 

26-60 

Station    YII.       14/5,08    (8.50    a.m.)       53°    33'    N. ; 
4°  41'  W.     Depth  of  station,  54*8  metres. 


Depth  (metres) 

mo 

C17co 

S7oo 

o-t 

0 

8-3 

18-85 

34-05 

26-50 

10 

8-1 

18-85 

34-05 

26-54 

30 

8-1 

18-85 

3405 

26-54 

53 

8-2 

18-85 

34-05 

26-52 

Station    YIII.       13/5/08    (8.15    p.m.)       53°    5'    N. ; 
4°  44'  W.     Depth  of  station,  79  metres. 


Depth  (metres) 

mo 

ci7oo 

S7oo 

o-t 

0 

8-1 

19-04 

34-40 

26-81 

10 

8-2 

19-05 

34-42 

26-79 

40 

8-2 

19-04 

34-40 

26-79 

77-5 

8-15 

19-05 

34-42 

26-80 

Station  IX.  13/5/08  (5.15  p.m.)  52°  34'  N. ;  4°  45'  W. 
Depth  of  station,  42  metres. 


Depth  (metres) 

mo 

ci7oo 

S7oo 

\ 

o-t 

0 

9-7 

18-97 

34-27 

26-46 

10 

8-9 

18-96 

34-25 

26-57 

20 

8-6 

18-97 

34-27 

26-64 

40 

8-6 

18-97 

34-27 

26-64 
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Station  X.     13/5/08  (4  p.m.)     52°  24'  N. ;  4°  43'  W. 
Depth  of  station,  42  metres. 


Depth  (metres) 

rpo 

Cl°' 

S7oo 

o"t 

0 

9-9 

18-98 

34-29 

26-55 

10 

8-8 

18-98 

34-29 

26-61 

20 

8-7 

18-98 

34-29 

26-62 

40 

8-7 

18-97 

1 

34-27 

26-61 

The   following   surface    samples    were    also   collected 
during  the  May  trip  (on  May  12th)  :  — 


Time. 


Position. 


!  C17. 


S7o 


o-t 


9.40  a.m.      53'  56'  N.  ;  3°  16'  W.  10-0      (     17-42        31-47    |     24-20 

11.20  a.m.      53°  40'  N.  ;  3°  32'  W.  100      ]     18-18        32-84    '     25-30 

2.50  p.m.      53°  25' N.  ;  3M8' W.  815         18-29        33-04        25-75 


The  following  tables  (June  16  to  19,  1H()8)  refer  to  a 
special  cruise  made  from  Anglesey  to  Kingstown,  then 
towards  Port  Erin  and  Mull  of  Galloway,  and  along 
Beauforts  Dyke,  the  deep  gutter  between  Ireland  and 
Wigtownshire. 


June  16  to  19, 1908. 

16/6/08  (9.40  a.m.) 
station,  51'2  metres. 

53°  22'  N. 

4^ 

54'  W. 

Depth  of 

] 
Depth  (metres)  1 

mo 

ci7oo 

' 

S7oo 

o"t 

0 
10 
50 

9-6 
9-4 
9-4 

18-99 
18-99 
18-99 

1 

34-31 
34-31 
34-31 

'      26-53 
26-58 
26-58 
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10  6  08  (11.80  a.m.)     or  22'  N. ;    o°  14'  W.     Depth 
of  station,  100"G  metres. 


Depth  (metres) 

mo 

t'i7co         S7oo 

o-t 

0 
10 

98 

9-7 
9-5 
9-4 

18-98              34-29 
18-97              34-27 
18-97       1       34-27 

26-48 
26-50 
26-52 

16/0,08  (12.30  p.m.)     53°  20'  X.;   5°  29'  W.     Depth 
of  station,  107*9  metres. 


Depth  (metres) 


17/6/08  (9.30  a.m.)     53°  33'  N. ;  5°  39'  \V.     Deptli  of 
station,  100"  G  metres. 


Depth  (metres) 

rpo 

CI  7,, 

""'    /go 

o-t 

0 

10-4 







10 

10-3 

18-82 

34-00 

26-14 

75 

7-9 

18-92 

3418 

26-67 

100 

7-9 

18-93 

34-20 

26-68 

17/0/08  (12  noon).     53°  53'  N". ;   5°  9'  W.     Depth  of 
station  67'0  metres. 


Depth  (metres) 

mo 

ci7oo    1     S7oo 

0 

10 

:^o 
65 

10-2 

10-0 

91 

8-4 

18-86              34-07             26-23 
18-86              34-07             26-26 
18-94              34-22            26-52 
18-94              34-22            26-62 

SEA-FISHEKIES  LABORATORY. 


158 


18/6/08  (9.20  a.m.)     o4°  2^V  X. :  4°  56'  W.     Depth  of 
station,  109' 7  metres. 


Depth  (metres)          T° 

1 

CI  7 

S7oo 

o-t 

0                    10-2 

10            1        10-1 

50            ;         9-3 

105            i         7-95 

18-82 
18-84 
18-89 

34-00 
34-04 
34-13 

26-18 
26-34 
26-61 

18/6/08  (10.50  a.m.j     54°  ••54'  X. ;  5°  0'  W.     Depth  of 
station,  266'9  metres. 


Depth  (metres) 

rpo 

CI  7 

^^    /oo 

S7oo 

o-t 

0 

10 

100 

220 

10-25 

10-5 

9-5 

9-2 

18-64 
18-66 
18-72 

18-76 

1 

33-68 
.33-71 
33-82 
33-89 

25-90 
25-89 
26-15 
26-24 

18  (;  08  (2.20  p.m.)     54°  50'  X. ;  5^  19'  ^y.     Depth  of 
station,  248'(i  metres. 


Depth  (metres) 

T° 

• 
CI  7 

^^    /oo 

S7oo 

o-t 

0 

9-4 



__ 



10 

8-95 

18-80 

33-96 

26-33 

100 

8-8 

18-84 

34-04 

26-42 

240 

8-75 

18-84 

34-04 

26-42 

19/6/08  (10.40  a.m.)     54°  43'  X. ;   4°  44'  W.     Depth 
of  station,  17*8  metres. 


Depth  (metres) 

T°      '    ci7oo         S7oo 

o-t 

0            i       10-7                  —                  — 

5            1       10-6                18-61              33-62 

15            i       10-5               18-61             33-62 

25-81 
25-82 
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July  27  and  28,  1908. 

Stntiou  1.     27/7  08  (11.1")  a.m.)     ^)4^X. ;    y^  30'  W. 
Depth  ol:  station,  27*4  metres. 


Depth  (metres)          T° 

ci7oo    1     S7oo 

o-t 

0                   15-4 
10                    14-9 
27                    13-85 

18-15             32-79 
18-14             32-77 
18-30              33-17 

24-22 
24-30 
24-83 

Station  II.     27; 7/08  (12.1.J  p.m.)     54°  X. ;  8°  47'  W. 
Jjepth  of  station,  40"2  metres. 


Depth  (metres)  T° 


CI  7o 


0 
10 
40 


14-15 

13-9 

12-85 


18-38 
18-36 
18-62 


S7o 


33-21 
33-17 
33-64 


24-80 
24-83 
25-39 


Station  III.     27/7/08  (1.1")  p.m.)     54°  N. ;   4°  4'  W. 
Depth  of  station,  40"2  metres. 


Depth  (metres) 

0 
10 
38 


«7o 


12-9 
12-8 
12-7 


18-79 

18-79 


S7c 


33-95 
33-95 


25-63 
25-67 


Station  rV.     27/7/08  (2.15  p.m.)     .54'^  N.;  4°  20'  W. 
Deptli  of  station,  45"7  metres. 


Depth  (metres)  T° 


ci7o 


0 
10 
44 


13-0 

12-75 

12-7 


18-84 
18-83 


S7o 


o-f 


34-04 
3402 


25-68 
26-73 
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Station  W     27/7/08  (4  p.m.)     5'6°  5^'  N. ;   4°  46'  W. 
Depth  of  station,  84"1  metres. 


Depth  (metres) 

rjio 

t'l7oo 

'^7oo 

o-t 

0          i 

13-43 

18-85 

34-05 

25-61 

10 

13-1 

— 

— 

— 

30 

11-2 

18-86 

34-07 

26-05 

80 

12-0 

18-89 

34-13 

25-93 

Station  YI.  27/7/08  (5.15  p.m.)  53°  43'  N. ;  4°  44'  W. 
Depth  of  station,  45" 7  metres. 


t 
Depth  ( metres)  1 

mo 

01  °/ 

'^  '    /go 

S7oo 

o-t 

0 

12-6 

18-90 

3414 

25-85 

10 

12-4 

— 

— 

— 

30             ; 

12-35 

18-88 

34-11 

25-85 

42 

12-35 

18-88 

34-11 

25-85 

Station    VII.       27/7/08    (0.20    p.m.)       53°    33'    N.; 
4°  41'  W.     Depth  of  station,  (Jo'S  metres. 


Depth  (metres) 

mo 

oi7oo         S7oo 

o-t 

0 
10 
30 
65 

12-95 
12-75 
12-6 
12-6 

18-90              34-14 

18-90             34-14 
18-90             34-14 

25-80 

25-85 
25-85 

Station    YIII.       28/7/08     (9.55    a.m.)       53°    5'    N. ; 
4°  44'  W.     Depth  of  station,  60-3  metres. 


Depth  (metres) 


01 7c 


^^7c 


0 

12-95 

10 

12-65 

40 

12-6 

59 

12-6 

19-05 

19-04 
19-02 


34-42 

34-40 
34-36 


25-96 

26-03 
26-00 
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Station  IX.  28/7/08  (1.10  p.m.)  52°  34'  N. ;  4°  45'  W. 
Depth  of  station,  34'7  metres. 


Depth  (metres) 


mo 


^  '    /  o 


S7c 


0 

14-35 

19-00 

34-33 

25-62 

10 

13-4 

19-00 

34-33 

25-82 

20 

13-4 

— 

— 

— 

30 

13-35 

19-11 

34-52 

25-97 

Station  X.     28/7,08  (2.10  i).ni.)  52°  24'  N. ;  4°  43'  W. 
Depth  of  station,  34'7  metres. 


Depth  (metres)          T° 

CI  7 

S7oo     '      '^t 

0 
10 
20 
31 

14-5 
13-8 
13-65 
13-65 

19-00 
18-99 

19-00 

34-33            25-59 
34-31             25-77 

34-33            25-80 

October  26  to  28,  1908. 

Station  I.     2()/10/08  (2.20  p.m.)     54°  X.:   3°  .30'  W 
Depth  of  station,  27*4  metres. 


Depth  (metres) 

mo 

c^i7oo 

S7oo 

o-t 

0 
10 
26 

1 

12-8 
12-5 
12-8 

17-93 

18-46 

i 

32-39 
33-35 

24-45 
25-19 

Station  II. 
Depth  of  station 

2G/10/08  (3.20  ]..7.i 
,  31J'5  metres. 

)     54°  X. ; 

3°  47'  W. 

! 

Depth  (metres) 

rno 

ci7oo 

S7oo 

o-t 

0 
10 
35 

13 

12-95 

12-9 

18-78 

18-80 

1 

33-93 
33-96 

25-58 
25-64 
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station  111.     2(3/10/08  (4.20  p.m.j     54°  X. ;   4°  4'  W. 
Depth  of  station,  38'4  metres. 


Depth  (metres)l 


CI  7c 


S7c 


0 
10 
37 


12-8 
12-8 
12-75 


18-87 
18-85 


34-09 
34-05 


25-76 
25-73 


Station  IV.     2t)/lU/08  (5.20  p.m.)     54°  X. ;  4°  20'  W. 
Depth  of  station,  42  metres. 


Depth  (metres)          T°               C17^„ 

s7oo 

o-t 

0 
10 
40 

12-8               18-82 
12-8                  — 
12-8               18-82 

34-00 
34-00 

25-67 
25-67 

Station  V.    27/10/08  (!)..{()  a.m.)  53°  53'  X. ;  4°  40'  W. 
Depth  of  station,  74'9  metres. 


Depth  (metres) 

rpo 

ci7oo         s.7oo 

o-t 

0            1       12-8 
10                   12-75 
30                   12-75 
73                    12-8 

1 

18-85 

18-84 
18-84 

34-05 

34-04 
34-04 

25-73 

25-72 
25-72 

Station   YI.       27/10/08    (10.30   a.m.)       53°    43'    X. ; 
4°  44'  W.     Depth  of  station,  69*5  metres. 


Depth  (metres) 


CI  7, 


S7o 


0"t 


0 
10 
30 
65 


13-1 
13-05 
13-05 
13-05 


18-92 

18-90 
18-89 


34-18 

34-14 
34-13 


25-76 

25-75 
25-73 
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Station   YII.       27/10/08    (11.40   a.m.)     53"   'd'6'   N. ; 
4°  41   TT.     Depth  of  station,  ()2"1  metres. 


Depth  (metres) 

rpo 

ci7oo 

S7oo 

o-t 

0 

13-5 

18-83 

34-02 

25-57 

10 

13-5 

— 

— 

— 

30 

13-5 

18-82 

34-00 

25-55 

60 

13-5 

18-81 

33-98 

25-54 

Station 

YIII.      27/10/08   (2.20 

p.m.)       5-' 

i°   5'    N.; 

4°  44'  W.     Depth  of  stat 

ion,  53  metres. 

Depth  (metres) 

rrio 

CI  7 

^'    /oo 

S7oo 

o-t 

0 

13-75 

19-16 

34-61 

25-97 

10 

13-75 

— 

— 

— 

20 

13-8 

19-14 

34-58 

25-94 

50 

13-8 

19-14 

34-58 

25-94 

Station   IX.       28/10/08   (10.35    a.m.)      52°   34'   N. ; 
4°  45  W.     Depth  of  station,  43'9  metres. 


Depth  (metres) 

mo 

CI  7 

^^    /oo 

S7oo 

o-t 

0 

13-6 

19-18 

34-65 

26-02 

10 

13-5 

19-15 

34-60 

26-00 

20 

13-5 

— 

— 

— 

42 

1 

13-5 

1916 

34-61 

26-02 

Station    X.       28/10/08    (11.45    a.m.; 
4°  43'  W.     Depth  of  station,  365  metres. 


52°    24'    N. 


Depth  (metres)  T° 


CI  7 

/  CO 


CI    O  I 


o"t 


0 

10 
20 
35 


13-4 
13-35 
13-35 
13-35 


19-09 
19  08 

19-08 


34-49 
34-47 

34-47 


25-94 
25-94 

25-94 
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The  results  given  iu  the  piecediug  tables  bear  out  in 
a  most  satisfactory  manner  the  conclusions  drawn  from 
the  first  year  and  a  half's  w(nk  and  given  in  last  years 
report.     AVe  again  find  :  — 

(1)  That  in  nearly  all  cases  the  water  at  any  given 
spot  has  practically  the  same  salinity  from  top  to  bottom. 
The  only  notable  exceptions  are  the  first  two  stations  near 
Morecambe  Bay,  and,  as  shown  in  last  year's  report,  the 
difference  between  top  and  bottoiu  salinities  in  these  cases 
is  undoubtedly  due  to  tidal  effects.  Even  at  the  very 
deep  stations  investigated  during  the  June  trip  there  is 
only  a  very  small  increase  iu  salinity  with  depth.  The 
importance  of  this  fact  will  be  discussed  presently. 

(2)  There  is  a  well  marked  but  small  seasonal 
variation  in  the  salinities.  This  point  is  clearly  brought 
out  by  the  table  on  page  KlU,  which  gives  the  salinities  at 
the  ten  stations  for  the  various  months.  Both  top  and 
bottom  salinities  are  given  in  cases  where  there  was  any 
marked  dift'erence. 

It  will  be  seen  that  in  the  case  of  the  first  four 
stations  the  salinity  is  at  a  minimum  about  February  and 
at  a  maximum  about  October,  while  the  times  of  the 
maxima  and  minima  are  exactly  reversed  in  the  case  of 
stations  V,  YI  and  VII.  The  maximum  salinity  at 
stations  Till,  IX  and  X  no  doubt  also  occurs  in  October 
and  the  minimum  in  February,  though  unfortunately, 
owing  to  the  bad  weather,  no  samples  could  be  collected 
from  these  stations  during  the  February  trip. 

The  cause  of  these  seasonal  variations  is  worthy  of 
some  consideration. 

It  is  Mell  known  that  the  salinity  of  considerable 
areas  of  the  Xorth  Sea  and  English  Channel  is  influenced 
by  the  variation  in  the  amount  of.  warm  Atlantic  water  of 
comparatively  high  salinity  flowing  into  it  (the  so-called 


IHO        TRANSACTIONS    LrVF.HI'ool.    HlOLOGlCAL    S()(Ii;,TV 


Grulf  stream  Drift).  The  amount  of  this  is  greatest  in  the 
spring  and  least  in  the  autumn,  so  that  the  salinity  at 
any  spot  in  the  ]Sorth  .Seii  atfected  by  these  changes  is 
greatest  in  the  spring  and  least  in  the  autumn. 


Position. 

February. 
1908. 

May, 
1908. 

July . 
1908. 

October. 
1908. 

Station  I. 
54°  N.  ;  3°  30'  W. 

(32-66 

(32-72 

(32-3 
(32-6 

132-8 
(33-2 

( .32-39 
133-35 

Station  II. 
54°  N. ;  3°  47'  W. 

(32-77 
(32-84 

132-9 
(33-4 

i33-2 
(33-6 

33-9 

vStation  III. 
54°  N. ;  4°  4'  W. 

33-1 

33-6 

33-95 

34-1 

Station  IV. 
54°  N.  ;  4°  20'  W. 

33-3 

33-95 

340 

34-0 

Station  V. 
53°  5.3'  N.  ;  4°  46'  W. 

34-2 

34-25 

34-1 

34-04 

Station  VI. 
53°  43'  N. ;  4°  44'  W. 

34-35 

34-1 

34-1 

34-1 

Station  VII. 
53°33'N. ;  4°4I' W. 

344 

,34-05 

34-14 

34-0 

Station  Vill. 
53°  5'  N.  ;  4°  44'  W. 

— 

34-4 

34-4 

34-6 

Station  IX. 
52°  34'  N. ;  4°  45'  W. 

— 

34-3 

(34-3 
(34-5 

34-6 

Station  X. 
52°  24'  N. ;  4°  43'  W. 

— 

34-3 

34.;, 

;}4-5 

Hiu'    ul)je<t    (»l    th<' 
report   deals,    \vhs    to   see 


Investigations,    willi    wliidi    tliis 
whether   any    such   changes   in 
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salinity  due  to  variations  in  tlie  intlow  of  Atlantic  water 
could  be  detected  in  onr  district. 

Now,  as  we  have  seen,  seasonal  variations  do  occur  in 
this  district,  but  as  already  suggested  in  last  year's  report 
they  are  probably  due  in  great  measure  to  au  entirely 
different  cause,  namely,  variations  in  the  amount  of  fresh 
water  flowing  in  from  the  land. 

The  amount  of  this  inflowing  fresh  water  to  the 
north-east  of  the  line,  Calf  of  Man — Holyhead,  is  very 
large,  and  is  probably  greatest  during  the  winter  months. 
The  tidal  currents  in  this  area  are  also  very  strong  and 
cause  very  thorough  mixing  of  the  waters,  and  the 
occurrence  of  the  minimum  salinity  about  February, 
therefore,  accords  very  well  with  the  view  expressed  above. 
The  same  explanation  will  hold  for  the  Carnarvon  and 
Cardigan  Bay  Stations,  though  the  amount  of  inflowing 
fresh  water  and  consequent  salinity  variations,  as  also  the 
tidal  effects,  are  much  less  important.  If  the  salinity 
variations  of  these  stations  were  due  to  the  Gulf  Steam 
Drift  the  minimum  should  occur  in  the  autumn  and  not 
in  the  spring,  as  it  actually  does.  Now,  at  Stations  V, 
YI,  and  VII  the  minimum  salinity  does  occur  in  tlie 
autumn,  and  there  can  be  no  doubt  that  in  these  cases  the 
variations  are  due  to  the  (in If  vStream  Drift.  The 
variations  are,  it  is  true,  only  small,  but  that  is  Jiot 
surprising,  for  these  stations  clearly  mark  the  farthest 
points  in  the  Irish  Sea  at  which  the  eifect  of  the  Drift  is 
detectable.  At  all  stations  affected  by  land  water,  as  in 
Cardigan  and  Carnarvon  Bays,  and  at  all  stations  X.E.  of 
the  line  Calf  of  Man  Holyhead,  the  small  effect  due  to 
the  Gulf  Stream  Drift  is  entirely  masked  by  the  much 
larger  eff'ect  due  to  the  inflow  of  fresh  water  from  the 
land. 

In  this  connection  it  is  of  much  interest  to  note  that 
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Mr.  Holt's  HfTures'  slio\v  that  spring  iiiaxima  of  the 
salinities  are  only  i'luiud  at  statious  situated  to  the  East 
of  a  line  ruunintr  W.S.W.  from  the  Calf  of  Man  to  latitude 
04°  rS8'  X.  and  thence  a|)[)r(i.\iniately  S.S.W.  it  is  there- 
fore permissible  to  conclude  from  our  results,  i)i  conjnnc- 
tion  with  Mr.  Holt's,  that  there  is  a  narrow  tougue  of  Gulf 
Stream  water  running);'  up  the  centre  of  the  Irish  Sea,  the 
efEect  of  which  on  ihe  saliuity  can  be  detected  as  far  as  a 
little  to  the  East  of  the  line  ("alf  of  ^iau — Holyhead. 
Owing  to  the  fact  that  the  tide  from  the  South  is  stronger 
than  that  from  the  ^»orth,  the  Avater  composing  this 
tongue  eventually  passes  right  through  the  Irish  vSea  and 
out  through  the  IN'orth  Channel,  but  beyond  the  point 
mentioned  its  effects  are  masked.  The  saliuity  results, 
moreover,  bring  out  another  ver}-  important  point,  and 
that  is  that  nearly  all  this  water  passes  to  the  East  of  the 
Isle  of  Man,  only  a  relatively  unimportant  part  running 
round  to  the  West  of  the  Island.  Of  course,  one  already 
knew  that  this  was  probably  the  case  from  the  general 
set  of  the  tides  in  this  area. 

It  must  be  remembered  that  the  stiength  of  the  Liull 
Stream  Drift  varies  from  year  to  year,  so  that  its  ett'ect 
will  be  more  marked  in  the  Irish  Sea  in  some  years  than 
in  others.  D\iring  190(j  and  IDOT,  for  example,  it  doe.s 
not  appear  to  have  been  quite  so  strong  as  in  1!)U1S,  for  in 
the  former  we  only  found  maximum  salinities  m  the 
spring  at  the  two  Stations  \'  and  \'l,  while  in  l!i08  we 
have  found  spring  maxima  at  the  three  Stations  \  ,  VI 
and   \n. 

It  is  worlii  noting  that  the  course  followed  by  the 
(julf  Stream  Drift  up  the  Irish  Sea  bears  no  relatiiui  to 
the  deep  channel  which  luns  between  Ireland  and  the  Isle 
of  Man   and   through   the   ^>orth   Channel.      As    is    well 

•  Not  yet  published,  l>iit  very  kindly  eoiiinimiit:ated  to  us. 
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known,  this  deep  channel  is  in  reality  a  Hubmerged  river 
valley  and  does  not  owe  its  origin  in  any  way  to  marine 
currents,  which,  therefore,  need  not  be  expected  to  pay 
much  attention  to  it.  The  water  filling  this  channel,  even 
in  the  deepest  parts  of  the  Mull  of  Galloway,  is  wonder- 
fully constant  in  composition,  merely  showing  the  small 
increase  in  salinity  with  depth  which  was  to  be  expected. 

A  few  words  must  now  be  said  about  the  temjjeratiires 
of  the  various  soundings.  Needless  to  say,  these  are 
higher  in  the  summer  than  in  the  winter.  In  the  majority 
of  cases  the  temperature  is  practically  constant  from  top 
10  bottom,  only  the  surface  water  being,  as  a  rule,  slighth- 
warmer  than  the  rest.  Occasionally  in  some  of  the  deeper 
stations  there  is  a  .slight  fall  in  temperature  with  depth, 
but  our  usual  ten  stations  are  not  deep  enough  for  this 
always  to  be  observed.  This  fall  of  temperature  was, 
however,  well  marked  in  ihe  case  of  all  the  deep  stations 
investigated  during  the  I  une  trip,  though  the  difference 
between  tojj  and  bottom  temperatures  only  amounted  to 
0"T°  at  the  deepevSt  station  (240  metres)  and  2"5°  at  another 
station  1()()  metres  in  depth.  The  diiference  between  top 
and  bottom  temperatures  at  the  two  shallow  Stations  I 
and  II  is  often  considerable,  but  this  is  chiefly  due  to  tidal 
effects.  The  surface  water  is  also  often  abnormally  warm 
at  other  stations  near  the  coast,  for  example,  those  in 
Cardigan  Bay. 

The  question  of  the  relation  between  the  temperature 
at  any  spot  and  the  distance  from  the  land  is  discussed 
by  Mr.  -Tohnstone  in  a  separate  paper. 

If  the  preceding  tables  are  studied  carefully  it  will  be 
noticed  that  in  a  few  cases  instead  oi  a  gradual  fall  in  tem- 
perature on  going  from  top  to  l)()tlom  there  is  either  a  small 
intermediate  rise  or  fall.  This  happens  once  at  Station  I  (in 
October)  and  once  at  Station  TT  (in  February),  when  the  water 
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at  ten  metres  is  slightly  colder  than  that  al  top  or  hottoiii. 
lu  May,  at  Station  VII,  the  intermediate  water  is  slio-hlly 
cooler  than  thai  at  top  oiholioin,  while  at  Station  VIII 
it  is  sliohtly  warmer.  The  most  strikiiig-  case,  however, 
is  that  of  Station  Y  in  July,  when  the  water  at  oi)  metres 
is  considerably  colder  than  that  at  any  other  depth.  Snch 
variations  are  not  at  all  surprising  when  one  considers  the 
way  in  which  changes  of  temperature  at  the  surface  affect 
the  temperature  of  the  water  below. 

A  rise  of  temperature  at  the  surface  will  slowly  he 
transmitted  by  conduction  to  the  water  at  the  bottom,  the 
time  it  takes  to  reach  the  bottom  deperiding  upon  the 
depth.  A  fall  of  temperature  will,  as  a  rule,  be  trans- 
mitted more  quickly  to  the  bottom,  especially  when,  as 
in  the  Irish  Sea,  the  water  has  almost  the  same  salinity 
from  top  to  bottom,  for  if  the  temperature  of  a  layer  of 
Avater  falls  its  density  increases  and,  if  it  becomes  greatei" 
than  that  of  the  warmer  water  below  it,  it  will  sink.  This 
process  will  continue  with  other  layers,  and  so  the  cooliug 
of  the  water  proceeds  from  the  top  chiefly  by  means  of 
convection  currents,  and  far  more  rapidly  than  it  would 
by  mere  condnction  of  heat.  It  is  for  this  reason  that 
one  hardly  ever  hiids  that  the  temperature  rises  \\  heu 
goiup-  from  the  suil'acc  lo  the  Itottnin.  lnil  that  it  ueaily 
always  talis. 

Now,  the  changes  of  tem])eral u. le  r(M|uii-e  time  to 
reach  the  bottom,  so  it  is  easy  to  understand  that  before 
the  etfect  of  a  s])ell  of  warm  Aveather  has  had  time  to  get 
to  the  bottom  the  elVect  of  a  succ(U'(ling  spell  ot  cold 
weather  may  have  begun  (o  travel  downwards,  oi'  r/rf 
versa.  It  is  in  this  way  that  the  al);)ve-inentioned  inter- 
mediate warraei'  oi'  cf)oler  layers  are  (o  be  explained.  (»ii 
referring  lo  the  tabhs  it  will  ])e  seen  that  in  some 
cases   these    intermediate    lavers   are   clearlv    in    untilnble 
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equilibrium,  since  the  value  for  o-j  for  a  cooler  layer  is 
ffreater  tlitui  the  value  for  the  underlying  layers,  while 
for  a  warmer  intermediate  layer  it  is  less  than  the  value 
for  the  overlying  ones.  This  is  well  shown  in  the  case  of 
Station  Y  in  July.  The  differences  of  at  ior  Stations  YII 
and  VIII  in  May  are  Avithin  the  limits  ol  experimental 
error. 

Similar  cases  of  warmer  or  cooler  intermediate  layers 
were  noticed  in  1906  and  1907,  but  at  quite  different 
stations. 

From  Avhat  has  been  said  above  it  will  be  readily  seen 
that  these  irregularities  are  of  a  purely  accidental  nature, 
and  it  is  necessary  to  point  out  most  emphatically  that 
their  existence  in  rare  cases  in  the  Irish  Sea  has  nothing 
whatever  to  do  with  currents  of  either  cold  or  warm  water 
between  the  surface  and  the  bottom.  Such  currents 
certainly  do  not  exist. 

On  the  chart  which  accompanies  this  report  the 
position  of  the  isohaline  lines  has  been  indicated.  All 
the  observations  made  during  190()-1908  have  been  utilised 
in  fixing  the  position  of  these  lines,  which,  however,  must 
only  be  considered  as  approximate,  as  the  observations, 
except  at  the  ten  ordinary  stations,  are  far  too  few.  The 
positions  of  the  A'arious  stations  at  which  observations 
have  been  made  are  indicated  by  small  circles.  The  chart  is 
meant  to  refer  to  the  month  of  -lune,  when  the  isohalines 
may  be  regarded  as  being  in  a  sort  of  mean  position. 

The  extreme  limit  at  which  the  Gulf  Stream  Drift 
can  be  detected  is  approximately  indicated  by  the  34'0 
isohaline  on  the  chart. 

In  conclusion,  the  plans  for  the  hydrographic  work 
for  the  year  1909  are  given. 

Stations  VIII,  IX  and  X  will  be  given  n]).  as  it  is  con- 
sidered that  as  much  informali(.)ii  has  lu'Cii  ol)tained  from 
them  as  can  be  got. 
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Obsprvalioiib  at  Stations  I  to  VII  will  be  continued, 
and  new  ones  started  at  three  or  four  stations  on  lines  con- 
necting Piel  Gas  iJuoy  and  Maughold  Head  and  Calf  of  Man 
and  tiie  North  West  Light  Ship.  These  new  lines  will  he 
started,  as  it  is  ilesirable  to  have  more  information  about 
the  salinity  of  ihe  areas  of  water  they  cross.  The  obser- 
vations will  l)e  ,made  every  six  weeks  instead  of  every  three 
months,  so  tliat  the  times  of  minimum  and  maximum 
sahnity  may  Ijl^  determined  more  exactly. 

Determixiations  of  salinity,  except  in  special  cases, 
will  only  be  ^nade  on  the  surface  and  bottom  water,  and  at 
the  shallower  stations  only  on  the  surface  water,  since 
the  fact  that  the  salinity  in  the  Irish  Sea  is  practically 
uniform  from  top  to  bottom  makes  fiirther  determinations 
unnecessary.  Temperatures  at  iiiteimediate  depths  will, 
howevoi'.  be  taken. 


Dksckii'I'ion  01"  Pr.ATii  II. 

Aj)pi-i)\imatG  positions  of  isohalines  in  the  Ii'ish  Sea  in 
•liuu',  19()0-S. 


Plate  II. 
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REPOET  ON  TEMPERATURE  OBSERVATIONS  IN 
THE   IRISH   SEA   DURING   190T-8. 

By  Jas.  Johxstoxe. 

In  another  paper  in  this  Report  Dr.  Bassett  discusses 
the  results  of  the  periodic  hydrog'raphic  cruises  carried 
out  during  the  last  year,  and  gives  a  series  of  tables 
recording  the  temperature  observations  made  on  those 
occasions.  In  addition  to  these  data  we  are  now  in 
possession  of  other  temperature  records.  These  are  :  — 
(1)  daily  observations  made  on  board  some  of  the  Light 
Ships  stationed  on  the  West  coast  of  England  and  AVales ; 
and  (2)  hourly  observations  made  on  board  the  "  James 
Fletcher"  by  the  officers  of  the  vessel.  I  propose  to 
summarise  the  results  apparent  from  a  consideration  of 
these  records.    

Methods.  The  light-ship  observations  are  made  for 
the  Meteorological  Office,  and  copies  have  been  supplied 
to  the  Lancashire  and  Western  Sea-Fisheries  Committee 
by  the  Director,  Dr.  Shaw.  The  readings  are  Fahrenheit 
ones,  and  have  been  converted  to  Centigrade  values.  The 
deep-sea  temperatures  of  the  periodic  cruises  have  been 
taken  by  means  of  the  Nanseii  deep-sea  thermometer,  used 
in  the  Nansen-Pettersson  insulating  water-bottle,  a  method 
which  seems  preferable  to  the  use  of  reversing  ther- 
mometers. Surface  temperatures  on  the  periodic  cruises 
are  taken  by  thermometers  made  by  Richter,  of  Berlin. 
All  these  instruments  are  provided  with  Charlottenburg 
certificates.  They  are  read  to  the  nearest  0'05th  of  a 
degree.  As  a  rule  the  correction  is  not  applied,  this 
being  a  needless  refinement  of  method  when  the  special 
conditions  prevalent  in  the  Irish  Sea  are  considered.  The 
temperatures  taken  on  board  the   "'  James  Fletcher  "   in 
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the  course  of  the  ordinary  patrol  duties  are  read  from 
•'  Kiel  "'  tliermometers,  supplied  by  Kiichler,  of  Ilmenau- 
in-Tliuringia,  and  the  reading's  are  correct  to  tlie  nearest 
0-2°  C. 


5^ 


53' 


-' ^  ^°  3" 

Ki(,.  4.      Ilydroj^a-aphic  Stations  in  l'J07-8. 

Light  Ship  records. 

\Vt'  may  cojisidei-  these,  first  of  all,  as  giving]:  the  best 
general  representation  of  the  annual  changes  of  tempera- 
ture at  different  points  on  the  \Vest  Coast.  The  sketch- 
chart  above  kIiowh  the  ai)i)roximate  positions  of  these 
vessels,  as  well  as  those  of  the  hydrographic  Stations  LI 
to  LIO,  investigated  in  1007  and  190S.      Table  I  is  con- 
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striicted  from  the  daily  temperature  records  supplied  by 
the  Meteorological  Office.  Only  the  readings  at  4  p.m. 
are  considered.  Ten-daily  averages  throughout  the  year 
have  been  calculated.  In  the  curves  these  are  further 
smoothed  by  taking  the  averages  of  each  three  ten-daily 
periods.  The  values,  therefore,  represent  thirty-daily 
averages,  taken  every  ten  days.  In  this  way  the  minor 
fluctuations  are  eliminated,  and  the  curves  indicate  the 
annual  changes  of  sea  temperature  influenced  by  the 
larger  variations  peculiar  to  the  year  1907. 


[Table  on  next  page. 
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Table   T. 

Sea  temperatures  (°  Cent.)  at  certain  Light  Ships  off  the 

West  Coast  of  England  and  Wales :    Ten-daily 

Averages,  1907. 


Peiuod. 


Jan.   I -10 

..      11-20  ... 

..      21-30  ... 

..      31 -Feb.  9 
Fob.  10-19  ... 

..      20-Mar.  1 
Mar.  2-11     ... 

.,     12-21    ... 

„      22-31  ... 

April  1-10  ... 

11-20... 

21-30... 

May  1-10    ... 

„      11-20  ... 

„      21-30  ... 

„      31-Juno  i 
June  10-19 

„      20-29 


July 
Aug. 
Sept 
Oct. 

Nov, 

\ov. 
Dec. 


30-Julv  9 
10-19'.. 
20-29  ... 
30-Aug.  8 
9-18    ... 
19-28  ... 
29-Sept.  7 
8-17   ... 
18-27  ... 
28-Oct.  7 
8-17     ... 
18-27  ... 
28-Nov.  () 
7-l(i    ... 
17-2(1  ... 
27-l)ec.  () 
7-Hi    ... 
17-2()  ... 
27-31  ... 


=Q^'^ 


9-25 

9-05 

8-0 

7-6 

7-2 

7-15 

7-65 

7-75 

8-0 

7-95 

8-0 

8-45 

8-G5 

8-85 

11-35 

10-65 

11-5 

1 1  -45 

12-4 
13-45 
14-25 
14-25 
1(>-Ii5 
H)-8 
10-95 
17-5 
17-45 
17-05 
l()-45 
14-45 
12-45 
12-15 
11-0 
11-0 
10-55 
10-25 
9-2 


o  To 

o     o 
CO  -^ 


g^^ 


Z  CO  CO 

.-,  eg  CO 


8-4 
8-45 
7-4 
7-3 
715 
6-8* 
0-85 
G-85 
7-3 
7-4 
7-55 
7-85 
8-4 
8-85 
9-5 
9-65 
10-35 
10-85 

11-0 
121 
12-7 
12-55 
12-05 
13-5 
13-5 
140 
14-1 
13-75 
13-2 
12-6 
12-6 
12-25 
11-55 
11-4 
10-25 
9-95 
8-9 


5-75 
6-2 
5-1 
4-45 
4-6 
4-3 
4-8 
5-85 
7-85 
7-05 
7-175 
8-1 
8-05 
9-65 
11-25 
10-9 
11-65 
110  obser- 
vations 
12-0 
14-45 
14-35 
15-1 
14-75 
15-4 
14-85 
14-55 
14-55 
13-05 
12-7 
12-75 
11-85 
1115 
9-45 
91 
8-65 
8-05 
6-2 


^  >p  CO 
O  CO  CO 


6-25 

5-9 

4-35 

4-6 

5-25 

6-1 

7-25 

7-85 

9-0 

9-1 

7-85 

7-85 

9-05 

11-05 

11-0 

10-55 

12-85 

13-05 

14-35 

15-6 

17-95 

10-7 

l(i-8 

15-2 

14-05 

15-0 

15-35 

14-65 

13-05 

121 

11-65 

10-75 

9-3 

8-15 

7-1 

6-55 

5-9 


o  CO 


6-85 

6-95 

5-9 

5-65 

5-95 

5-15 

5-55 

6-05 

7-0 

7-25 

7-2 

8-25 

8-25 

90 

10-35 

10-1 

11-05 

U-O 

12-35 

13-85 

14-95 

13-S.-) 

14- 15 

14-0 

14-05 

14-7 

14-85 

14-25 

13-2 

12-6 

12-1 

1115 

9-75 

91 

8-65 

8-35 

8-0 


J  ■*  CO 


4-75 

5-8 

3-6 

2-85 

3-15 

3-65 

5-05 

5-25 

7-65 

7-6 

6-95 

8-85 

8-85 

10-5 

10-7 

10-95 

12-7 

12-45 

13-1 
1485 
10-35 
15-35 
15-15 
14-4 
13-75 
14-2 
14-35 
13-6 
12-0 
10-9 
10-0 
9-35 
7-85 
6-6 
6-35 
6-35 
50 


'IMie  values  in  Table  I  are  average  ones,  aiid  Table 
II  gives  tin-  lowest  and  highest  temperatures  actually 
observed. 
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Table  II. 

Auuiial  luaxiiiiuiu  aud  miuimum  sea  temperatures  at 

various  West  Coast  Liglit  Ships. 


Light  Ship. 

Maximum 
Temperature. 

ilinimum 
Temperature. 

Annual 
Range. 

Cardigan  Bay 

19-4C.,  23/9/07 

5-5=C..   12/2/07 

13-9'C. 

Carnarvon  Baj^ 

13-9°C.,  18-20/9/07 

6-7=C.,21-24/3/07 

7-2°C. 

Liverpool  North -West 

18-9°C.,  2/8/07 

1-7°C.,     3/2/07 

17-2°C. 

Morecambe  Bay 

19-4°C.,  21/7/07 

3-3°C.,  30/1-7/2/07 

1U-1°C, 

Bahama  Bank 

17-2°C.,  21/7/07 

4-4"C.,  22-24/2/07 

12-8%'. 

Sohvay            

18-3T.,  21/7/07 

11°C.,  31/1/07 

17-2=C. 

The  annual  temperature  changes  are  further  repre- 
sented in  the  series  of  charts,  figs.  5  to  10  on  2)[).  172 
and  17;5. 

Considering  these,  along  with  Table  II,  one  sees  at 
once  that  there  are  notable  differences  at  the  various  Lio-ht 
Ship  stations.  The  greatest  extremes  of  temperature 
were  observed  in  1907  at  the  Liverpool  Xorth-west 
Vessel,  and  in  the  Sohvay,  both  of  which  stations  are 
fairly  near  the  land,  and  under  the  influence  of  the  latter. 
The  least  annual  temperature  change  was  observed  at  the 
Carnarvon  Bay  Light  Ship.  The  water  at  this  point 
appears  to  possess  a  more  truly  "  open-sea  "  character 
than  at  any  of  the  other  stations  investigated  by  us  in  the 
Irish  Sea.  The  maximum  temperatures  of  the  year  were 
attained  at  the  Cardigan  Bay  and  Morecambe  Bay 
Light  Shiijs ;  at  the  former  station  because  of  its  more 
southerly  position,  and  at  the  latter  because  of  the 
influence  of  the  Morecambe  Bay  sandbanks.  The  lowest 
Irish  Sea  temperatures  were  experienced  at  the  Liverpool 
xS'orth-west  Light  Ship.        The  minimum   in  the  case  of 
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Fig.  5. 


'''■  Carnarvon     Bay      Light 
(3                            '907 

Ship 

^ 

X^ 

12 

/^ 

10 

y 

'"\ 

9                              y 

\ 

8\^                 ^^ 

7             '^-— -_X 

Jony     1   reby     |    Mar      |  Atinl     |   May 

Nunc       IJuly 

J  '^•-9 

|Set,t 

1   Ocl 

;  Nov. 

1  Dec. 

Flu.  6. 


Liverpool  NorYh-West  Light   Ship 
907 


Jony    I  Feby  |  Mar     |  April    |  nay     |  June   |July     1  Aug.     I  Sebt.   I   Oct      I  Nov.     |    Dec. 


Fi(..  7. 


SEA-FISHERIES  LABORATORY, 


178 


Fig. 


Fi(i.  9. 
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the  Solway  is  lower  still,  IxM-ause  of  its  more  northerly 
situation.  The  temperature  of  tlie  sea  at  both  of  these 
stations  is  greatly  influenced  In*  the  excessive  rainfall  of 
the  land  adjacent  to  them. 

The  date  of  the  minimal  temj^eratures  is  verv  much 
the  same  at  the  various  stations,  occurring  during- 
February,  except  in  the  case  of  the  Carnarvon  Bay  station, 
where  the  minimttm  occurred  in  March.  The  dates  of 
the  occurrence  of  the  maximal  temperature  vary  a  little 
more,  occurring  in  September  in  Cardigan  and  Carnarvon 
Bays,  and  a  little  earlier  at  the  other  stations.  There  is 
no  doubt,  of  course,  that  the  rise  of  temperature  cul- 
minates at  a  slightly  different  time  of  the  year  in  each 
case,  but  several  years'  records  will  be  require<l  before 
this  can  be  exactly  determined. 

Irregularities  in  all  the  curves,  due  to  the  weather 
changes  experienced  in  1907,  are  to  be  observed.  It  is 
worthy  of  note  that  these  changes  were  much  smaller  at 
the  Carnarvon  Bay  station  tluui  in  any  of  the  others, 
indicating  that  the  water  offshore  from  this  Bay  is  less 
aU'ected  by  the  heating  or  cooling  action  of  the  land  than 
at  any  point  in  the  Irish  Sea,  or  in  the  immediate 
neighbourhood  of  the  Isle  of  Man.  They  are  greatest  in 
the  case  of  the  sea  near  the  Morecambe  Jiay  vessel,  which 
is  influenced  by  the  adjacent  land  to  a  quite  remarkable 
degree. 

Minor  Temperature  variations. 

.Vparl  altogether  from  the  annual  temperature  wave, 
lud  the  smaller  ones  superposed  upon  it,  as  the  results  of 
weather  variations,  tlicic  arc  still  smaller  changes  of 
temperature  due  to  other  causes.  It  the  daily  tein[)cra- 
tures  at  a)iy  one  of  the  Light  Ship  Stations  be  plotted  a 
curve    will    he    ohtaincd    wliidi    is    icmarkaljly    "jumpy." 
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"  zig'-zaging'  up  and  down  in  (juitc  d  violent  manner. 
This  will  be  seen  on  consulting-  tigs.  11  and  12,  which 
show  these  smaller  temperature  variations  at  the  More- 
cambe  Bay  Light  Ship.  Three-daily  averages  have  been 
calculated  for  every  day  during  the  first  six  months  of 
1907 — that  is,  the  temperature  record  for  each  day  is 
allowed  to  be  influenced  b}'  those  of  the  preceding  and 
succeeding  days.  If  the  actual  daily  temperatures  were 
plotted  the  changes  would  be  still  more  violent.  Then 
the  curve  obtained  by  plotting  thirty-daily  averages  every 
ten  days  is  superposed  on  this  three-daily  curve.  In  the 
figures  this  latter  curve  is  represented  by  the  horizontal 
straight  line,  and  the  three-daily  temperatures  are  shown 
as  variations  above  and  below  what  may  be  regarded  as 
the  mean  for  the  whole  period  considered. 

Sow,  ii  will  be  seen  that  during  the  months  .January 
to  March,  inclusive,  the  sea  temperature  fell  at  intervals 
about  0"5°  C.  to  about  1'5°  C.  below  the  mean,  and  rose, 
on  the  average,  about  0"5°  to  075°  C.  above  the  mean. 
Further,  during  the  months  April  to  June,  inclusive,  the 
temperature  varied  between  about  lo°  C.  below,  and 
'j"0°  C.  above  the  mean.  Similar  variations  are  observed 
when  we  consider  the  third  quarter  of  the  year,  and 
there  are  smaller  variations  during  the  fourth  quarter. 

It  is  inconceivable  that  these  smaller  variations  can 
be  due  to  variations  in  the  amount  of  heat  directly  trans- 
mitted to  the  sea  by  varying  solar  radiation,  or  by  heat 
yielded  up  to  the  surface  layers  by  contact  with  warmer 
or  colder  wind  currents,  or  by  differences  in  the  amount 
of  evaporation  occasioned  by  atmospheric  changes.  The 
specific  heat  of  sea-water  is  so  great  that  enormous 
quantities  of  heat  would  have  to  be  exchanged  between 
sea  and  atmosphere  in  order  to  account  for  a  variation  of 
•1°  (J.    in   the    period    of  a   few    days.        It    is,    of    course, 
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Jan   u  Q  r  y 


I         February 


March 


Fig.  11. — Periodicity  of  temperature  variations. 


Fi(j,  V2, —  Pcriodicily  of  temperature  variations. 
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obvious  that  a  warm  wind  (S.  to  W.)  blowing  steadily  for 
a  day  or  two  must  warm  the  surface  of  the  sea,  and,  con- 
versely, that  a  cold  wind  (jST.W.,  IS".,  X.E.,  or  E.)  would 
also  chill  the  surface  water.  But  the  wiud  would  only 
affect  an  exceedingly  thin  superficial  layer  of  sea-water, 
and  this  would  be  drifted  along  in  the  direction  towards 
which  the  wind  was  blowing.  In  a  tideless  water-basin. 
such  as  a  lake,  the  elfect  of  this  would  be  that  warmer  or 
colder  water  would  be  piled  up  along  the  coast  towards 
which  the  wind  was  blowing  while  a  deep  counter-current, 
flowing  in  the  opposite  direction,  would  be  set  up.  In 
this  wa}'  the  well-known  stratification  observed  in 
enclosed  lakes  and  in  some  sea  lochs  on  the  West  Coast 
of  Scotland,  is  produced.  The  same  effects  ought  to  be 
produced  in  the  Irish  Sea,  but,  as  a  matter  of  fact,  the 
temperature  stratification  is  not  observed  ;  and  the  effect 
of  a  spell  of  cold  or  warm  wiud  is  simpl}'  to  produce  a 
homothermic  water  mass.  Our  experience  in  studj'ing 
the  temperature  of  the  sea  seems  to  be  that  the  latter 
varies  according  to  the  prevalent  wind.  Yet  when  we 
try  to  express  this  relationship,  by  comparing  curves 
showing  the  dii'ection  of  the  winds,  and  the  temperature 
variations,  from  day  to  day,  no  correspondence  between 
the  two  series  of  changes  can  be  detected. 

But,  when  we  compare  the  small  temperature  changes 
with  tidal  changes,  a  direct  relationship  is  at  once 
apparent.  The  Eastern  part  of  the  Irish  Sea  is  a  shallow- 
water  basin,  and  one  may  say  that  all  the  water  within  the 
twenty-fathom  line,  that  is  Liverpool  Bay  and  practically 
all  the  sea  lyiug  between  the  Isle  of  Man  and  the  Lanca- 
shire and  Cumberland  coasts,  and  the  sea  within  an 
average  distance  of  G-J  miles  to  the  West,  and  '6^  miles  to 
the  South  of  the  Isle  of  Man,  is  coastal  water.  All  along 
the  West  Coast  of  England,  between  Anglesey  and  the 
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Solwav,  are  extensive  saudbanks  which  are  twice  in  every 
twenty-four  hours  exposed  to  the  atmosphere.  For  instance 
nearly  100  square  nautical  miles  of  sand  are  exposed  twice 
a  day  in  the  Morecambe  Bay  area.  There  are  also  high 
tides,  with  a  rise  and  fall  of  over  thirty  feet  in  some  places 
and  tidal  streams  with  a  velocity  of  seven  knots  at  hig-h 
springs.  In  the  fairway  of  the  Channel  the  backward 
and  forward  surge  of  water  due  to  the  tides  is  about  nine 
miles  during  springs,  and  about  six  miles  during  neaps. 
^*ear  the  land  the  distance  traversed  by  the  moving  body 
of  water  greatly  increases. 

When  the  sandbanks  are  exposed  by  ebb-tide  during 
the  winter  and  spring  months  they  become  cooled  greatly 
b}-  radiation  and  evaporation ;  and  when  next  the  flood 
water  covers  them  the  latter  becomes  chilled  below  its 
normal  temperatiire.  Further,  when  the  sandbanks  are 
exposed  during' the  summer  and  autumn  months  they  are 
heated,  and  when  next  the  Hood-tide  covers  them  the 
water  becomes  warmed  above  its  normal.  Therefore, 
the  sea  oifshore  at  any  one  point  is  alternately  warmer 
and  colder  as  these  water  masses  are  carried  backward 
and  forward  by  the  tides.  If  we  could  take  daily  tem- 
perature observations  out  from  the  mouth  of  Morecambe 
liay,  as,  for  instance,  at  Piel  Cxas  Buoy,  it  would  be 
f()U)id  that  the  temperature  would  generally  be  lower 
duriug  the  Hood-stream,  and  Marnier  during  the  ebb- 
stream,  in  tlie  summer  mouths,  while  an  exactly  opposite 
condition  would  be  expciicnccd  <luiiii<i'  the  winter  and 
early  spring. 

The  eifecl  of  changes  in  ilu-  height  of  the  tides  would 
also  be  apparent,  for  the  extent  of  sandbanks  covered,  and 
consequently  the  amount  of  heat  received  or  lost  by  the 
ttood  water,  would  vary  from  neaps  to  springs;  and  since 
the  velocil\   ol  the  >l  rcii  m.--  iil-c  \;iii('>  during  a  tidal  cycle 


SEA-FISHERIES    LABORATORY.  170 

the  alteriiating  masses  of  colder  or  warmer  water  would 
be  carried  to  a  varvin<j  distance  from  the  land.  I  think 
that  the  curves  in  figs.  11  and  12  show  this  effect  of  the 
tides  very  clearly.  The  dotted  line  represents  the  height 
of  the  tide  at  Liverpool  from  day  to  day — it  indicates 
springs  and  neaps.  Now,  in  these  the  fortnightly 
periodicity  of  temperature  change  in  the  sea-water  is  very 
plainly  seen.  For  about  a  week,  speaking-  roughly,  the 
temperature  of  the  sea  at  Morecambe  Bay  Light  Ship 
falls  below  the  mean,  and  during  the  succeeding  week  it 
rises  above  the  mean.  That  is,  the  smaller  temperature 
variations  are  to  be  associated  with  the  fortnightly  rise 
and  fall  in  the  height  of  the  tides.  Of  course,  the  corre- 
spondence of  the  two  series  of  changes  is  not  very  exact : 
one  can  hardly  expect  it  to  be  since  the  surface  drift  of 
water  due  to  high  winds  must  have  a  certain  influence, 
and  the  phases  of  the  curves  do  not  always  coincide.  But 
I  think  it  is  clear  that  the  main  cause  of  the  smaller  tem- 
perature variations  in  the  sea  off  the  West  Coast  of 
England  is  the  transport  of  water  masses  of  different 
temperature  by  the  tidal  streams. 

This  conclusion  is  supported  by  the  study  of  the 
isotherms  in  the  Irish  Sea.  At  the  present  time  we  do 
not  possess  sufficient  data  to  enable  these  to  be  drawn  for 
different  periods  of  the  year,  and  I  only  give  one  chart, 
fig.  13,  which  shows  the  positions  of  these  lines  for  the 
beginning  of  August,  190S- — the  local  period  of  maximum 
temperature  of  the  sea.  It  will  be  seen  that  they  do  not 
run  parallel  to  the  coast  as  might  at  first  be  expected,  but 
rather  roughly  parallel  to  the  twenty-fathom  contour-line 
of  sea  depth.  Outside  this  contour-line  the  water  is 
influenced  to  a  much  less  extent  by  the  land,  than  within 
it.  The  14°  isothermal-line  curves  round  East  from  the 
Skerries  at  Holyhead  parallel  to  thf'  coast   of   Anglesey, 
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then  turns  to  the  West  again  about  halfwav  between  the 
coasts  of  Lancashire  and  the  Isle  of  Man,  and  ai^proaches 
the  latter  near  Castletown.  Xear  the  land  the  water  is 
much    warmer    than    off  shore.         During-    the    period    of 
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Fit,.  IH.     Probiible  isotherms  in  tlic  Irish  Bea  in  August.  1908. 

ininiiiiuni  teiuperature  (February)  the  direction  of  the 
isotliernis  is  very  much  the  same,  but  the  change  of  tem- 
pei-ature  is  then  completely  reversed — that  is,  the  water 
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offshore  is  miieli  warmer  than  the  water  inshore,  so  that 
the  7'^-8°  isotherm  occupies  roughly  the  same  position  in 
February  as  the  14°-15°  line  does  in  the  summer.  In 
August  the  16°  isotherm  runs  close  to,  and  parallel  with, 
the  English  coast ;  while  in  February  the  3°-4'^  line 
occupies  much  the  same  position. 

The  cause  of  this  peculiar  distribution  of  tempera- 
ture is  the  direction  of  the  tidal  streams  in  the  eastern 
part  of  the  Irish  Sea.  The  South  tidal  wave  runs  up 
St.  George's  Channel  and  bending  round  Anglesey, 
according  to  "'  Ferrel's  Law,"  turns  to  tlie  East  into 
Liverpool  Bay.  The  Xorth  tidal  wave  sweeps  down  the 
North  Channel  and  splits  on  Point  of  Ayre,  and  the  major 
portion  of  the  stream  runs  between  Isle  of  Man  and 
Cumberland;  a  much  less  rapid  tide  runs  along  the  West 
side  of  the  Isle  of  Man,  the  Xorth  and  South  streams 
meeting  about  Contrary  Head,  while  out  between  the 
Calf  and  Loch  Carlingford  in  Ireland,  the  streams  are 
hardly  perceptible.  On  the  English  side  the  two  tidal 
streams  interfere  between  Morecambe  Bay  and  Maughold 
Head,  in  the  Isle  of  Man.  Therefore,  the  whole  sea  area 
between  the  coast  of  Xorth  Lancashire  and  the  Isle  of 
Man  is  affected  by  the  tidal  water  surging  into  and  out 
from  Morecambe  Bay.  It  is  heated  in  the  summer  and 
cooled  in  the  winter,  by  the  powerful  influence  of  tlie 
latter  extensive  tract  of  shallow  water. 

The  Vertical  Distribution  of  Temperature. 

The  data  for  the  study  of  the  vertical  distribution  of 
temperature  are  included  in  the  tables  contained  in  the 
reports  by  Dr.  Bassett,*  on  the  hydrographic  observa- 
tions.    The  temperatures  recorded  as  the  results  of  well 

*  Annual    Report   Lancashire   Sea  Fisheries  Laboratory,  for    1907, 
Liverpool,  1908,  pp.  54-79  ;  and  pp.  44-64  of  the  present  Report. 
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over  120  liydroj^rapliie  so\ni<ling;s,  make  tlie  eoneliision 
inevitable  that  the  Irish  Sea  is  a  praotioally  homo- 
tliermic  water  mass,  and  that  the  small  differences  indi- 
cated hy  the  s(nindin*)fs  are  purely  "  accidental,"  in  the 
sense  that  they  have  nothin<)-  whatever  to  do  with  a  real 
temperature  stratification,  luu-  are  tliey  indicative  of  the 
existence  of  deep  \\ater  curients.  Tlie  icsuUs  of  the 
observations  of  1907-S  are  tabulated  as  follows:  — 


Mean  Difference 

Mean 

Surface  and 

^faxiniuni 

Mini'>uu)i 

Station. 

Depth. 

Bottom 

Diirorence. 

Diffevenoe. 

Metres. 

Temperatures. 

♦ 

°C. 

C. 

C. 

1    ' 

27-0 

2-45 

3-S 

0-1 

II 

37-5 

0-70 

1-3 

01 

Piel  to  Calf 

of  IVIan 

1    III 

1 

36-5 

()-32 

()•() 

015 

I     IV 

40-5 

0-17 

0-3 

0-05 

/      \- 

72-r, 

114 

2-23 

0-05 

Calf  of 

1 

Man  to 

vr 

57;-) 

0-4 

0-7 

0-1 

Holyhead 

1 

1  VII 

57-5 

0-22 

0-3.-) 

0-1 

VIII 

(55 

0-42 

0-7.') 

0-1 

WcLsli  Baw 

,     IX 

39-5 

()-{j 

11 

0-1 

i      X 

38-5 

0-02 

1-2 

005 

Now.  considerin«j-  these  figures,  we  see  that  the 
jyreatest  (litfereiic(>  in  teinperai  utc  between  superficial  and 
deep  layers' is  to  be  found,  not  in  I  lie  i\vv\)  water,  but  in 
the    shallow     water    near    the     hind.  I'hus    iht-     mean 

dift'crcncc    is    <rreatest      '2"4o°  ( '.      at    Station    I,    which    is 
about    t(Mi    miles   li'oni   tlie  roast,   and    is   ilie  shallowest  of 
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all.  Tlieu  the  diffeieuce  between  surface  aud  bottoiu 
irraduallv  decreases  until  Station  lY,  whicli  is  nearest  tu 
the  Isle  of  Man,  is  reached.  On  the  line  between  Calf 
of  Man  and  Holyhead,  the  difference  is  greatest  at  the 
deejD  station  near  the  Calf  and  decreases  towards  the 
South  as  the  sea  bottom  rises.  This  line  crosses  the 
drifting  Avater  passing  up  the  Irish  Sea,  and  it  is  here,  if 
anywhere  that  indications  of  a  deep  current,  or  stratum  of 
different  characters  from  those  of  the  surface,  might  be 
expected.  But  the  dift'erence  is  due  only  to  the  cooling 
of  surface  water  and  the  sinking,  by  convection,  of  this 
to  the  bottom. 

All  these  stations,  however,  are  comparatively 
shallow  ones,  and  it  might,  perhaps,  be  expected  that 
vertical  differences  of  temperatures  would  be  observed  at 
j)laces  where  the  sea  is  deeper.  Nevertheless,  the  obser- 
vations made  by  the  Irish  Department  of  Agriculture  and 
Technical  Instruction  (which  have  kindly  been  communi- 
cated to  us  by  Mr.  E.  W.  L.  Holt)  show  that  the  tempera- 
ture differences  on  the  western  side  of  the  Irish  Sea,  and 
over  the  deep  channel  between  Isle  of  Man  and  Ireland  are 
similar  to  those  found  between  Isle  of  Man  and  Holyhead. 
The  results  of  a  special  hydrographic  cruise  made  by  us 
in  this  area,  and  in  the  deep  water  off  the  Galloway  coast, 
in  June,  1908,  are  quoted  by  Dr.  Bassett  in  the  preceding 
j)aper.  Two  soundings  were  made  on  this  occasion  in  the 
deepest  part  of  the  sea  round  the  British  Isles,  248  to  267 
metres.  The  temperature*  at  a  mean  depth  of  230 
metres  was  897°  C,  and  at  the  surface  9-82°  C,  a 
difference  of  only  0'85°  C.  Here  the  tidal  streams  are 
verv  rapid.  A  sounding  taken  near  the  middle  of  the 
sea-area  bounded  by  the  Galloway  land,  Ireland  and  the 

'  Mean  of  two  soundings  made  at  opposite  extremities  of  the  gutter 
of  deep  water. 
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Isle  of  Man,  showed  a  difference  between  surface  and 
bottom  of  225°  C.  Here  the  tidal  stream  is  sligdit,  or 
barely  perceptible. 

Summarising     the     results     of     these     hydrographic 
soundings,  we  find  the  following  conditions:  — 

1.  Coldest  at  the  bottom  : 

GO  cases  (mean  differences  in  Table  IV); 

2.  Warmest  at  the  bottom : 

3  cases  :   mean  difference,  0"125°  C. 

3.  Intermediate  cold  stratum  : 

T  cases  :  mean  diff'erence,  0  175°  C. ; 

4.  Intermediate  warm  stratum  : 

3  cases  :   mean  difference,  0'125°  C.  ; 

5.  AVater  absolutely  homothermic : 

3  cases. 
All  these  figures  show  that  the  Irish  Sea  is  a  practi- 
cally homothermic  water  mass.  The  slight  vertical 
differences  of  temperature  can  be  traced  to  causes  such  as 
those  indicated  by  Dr.  Bassett  iu  the  preceding  paper  iu 
this  Report. 

Some  Conclusions. 

So  far  as  hydrographic  investigation  is  conccnu'd, 
the  Irish  Sea  presents  problems  of  a  similar  nature  to 
those  encountered  elsewhere  in  the  British  area.  It  is, 
for  instance,  certain  that  liere,  just  as  iu  tlic  case  of  the 
North  Sea  and  Knglisli  Cliaiiiicl,  the  annual  ii>Hux  of 
relatively  high-salinity  water,  due  to  the  variation  in 
strength  of  the  (julf  Stream  Drift,  can  be  detected,  liut, 
there  are  also  special  conditions  and  problems.  The 
Irish  Sea  is  a  com])arativcly  small  sea  area,  aiul  the  extent 
of  coast-line,  and,  therefore,  the  amount  of  land  di-ainage, 
is  relatively  greater  than  in  the  case  of  Ihc  Nditli  Sea. 
It  is  shallow  and  chai-acterised  by  high  and  strong  tides; 
and.    as   a    result   oi    those    conditions,    thei'c    is    a    greater 
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dilution  of  the  sea-water,  due  to  tke  influence  of  the  land, 
than  over  the  greater  part  of  the  Xorth  Sea  ;  also  there  is 
a  much  more  thorough  mixture  of  the  water  of  different 
regions  than  we  find  in  the  latter  sea.  Therefore,  it  is 
not  to  be  expected  that  such  sharjslv-bounded  isohaline 
areas,  or  such  positive  indications  of  a  flooding  by  water 
from  without,  as  are  observed  in  the  iS^orth  Sea*  will  be 
found  in  our  area.  Xeither  are  seasonal  changes  in  the 
positions  of  the  isohalines,  at  least  those  delimiting  water 
areas  of  the  lower  degrees  of  salinity,  so  sharply  marked. 
There  is  no  indication,  none  at  least  so  far,  of  the 
existence  of  a  more  or  less  permanent  la3'er  of  cold  bottom 
water. t  This  is  jvist  barely  indicated  by  the  temperature 
differences  at  Station  Y.  There  are  no  indications  of  the 
inflow  of  cold  bottom  water  from  the  sea  North  of  the 
British  Islands,  for  though  the  channel  between  Galloway 
and  Ireland  is  relatively  deep,  the  sea  bottom  between  Islay 
and  Ireland  is  shallow,  forming  a  "  barrier,'"  while  the 
depth  of  water  at  the  opemng  to  St.  Greorge's  Channel  is 
such  as  to  admit  onh'  of  the  entrance  of  surface  Atlantic 
water.  It  has  been  estimated^  that  the  flow  outwards 
through  the  Xorth  Channel  is  such  that  a  water-particle 
will  travel  from  the  Irish  Sea  to  the  Scotland-Shetland 
Channel  in  about  eighty  days ;  at  which  rate  the  water- 
volume  leaving  the  Irish  Sea  annually  is  at  least  equal  to 
the  entire  volume  of  that  sea,  that  is,  -j.OOO  cubic 
kilometres.  The  planktonic  fauna  and  flora  of  our  area 
is,  therefore,  affected,  not  by  the  Sub-Arctic  region,  bnt 
by  that  of  the  Atlantic  or  Biscay  latitudes,  a  conclusion 

*  See  D'Aicy  Thompson,  Nature,  Dec.  17,  1908. 

t  Such  as  is  known  to  exist  in  the  North-Western  part  of  the  North 
Sea.  Cf.  Second  Report  Fishy,  and  Hydrogr.  Invests,  in  the  North  Sea 
and  Adjacent  Waters,  Pi.  I  [Cd.  3358] ,  1907,  p.  11. 

I  Knudsen,  Publications  dc  Circonstunce.  Cons  I'cnit.  luternat. 
Fxplor.  Mer,  No.  39.     Copeuhague,  1907. 
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wliieh  seem?  to  lue  tu  be  siip])orted  by  the  sludy  of  the 
fiah  migrations. 

Ou  the  other  hand,  we  have  to  deal  with  a  water 
basin  in  which  seasonal  salinity  changes  are  relatively 
insignificant,  and  aie  de])endent  almost  entirely  on  the 
amount  of  land  drainage ;  in  which  tidal  streams  are  so 
strong  tliat  the}'  lead  to  an  intense  mixing  up  of  the  water. 
The  latter  is  very  uniform  in  composition,  except  within 
the  twenty-fathom  line,  which  may  be  regarded  as  the 
true  coastal  limit.  Temperature  changes  are  rapid  and 
well-marked,  and  the  positions  of  the  isotherms  depend, 
to  a  great  extent,  upon  the  course  of  the  tidal  streams. 
Aj)art  from  tidal  streams  there  is  only  one  "  current," 
and  that  is  the  general  drift  of  water  from  South  to  North. 

Probably  fish  migrations  are  determined  almost 
entirely  by  the  temperature  of  the  water,  that  is,  they  aic 
to  be  associated  with  the  shifting  of  the  isotherms.  li 
is  quite  likely  that  in  the  close  study  of  the  latter,  com- 
bined, of  course,  with  the  study  of  the  regional  distribu- 
tion of  sali)iily,  is  to  be  sought  the  pvoxiniaic  causes  of 
those  fish  migrations  which  ]ea<l  to  the  establisliment  of 
"  fishery  periods."  The  latter  are  well  markeil  in  the 
Irish  Sea  :  the  summer  mackeiel  and  bass  invasions  ;  the 
winter  cod  fishery;  the  winter  plaice  fishery  on  the  slioal 
oTOunds  between  Isle  of  Man  and  Ctimberland ;  the 
summer  plaice  fishery  in  Liverpool  IJay  between  More- 
cambe  liay  and  Ijivcrpool  .\orth-west  Light  Sliips ;  the 
Liverpool  Bay  sole  fishery  in  the  summei'  and  aulunin  : 
and  the  "  back-end "  plaice  fishery  between  Liverpool 
North-west  Light  Ship  and  the  coast  of  Anglesey,  are 
instances.  It  ought  to  be  possible  to  associate  these 
periodic  fisheries  wiili  ilic  cliaiiges  i)i  the  isotlierms, 
perhaps,  also  wilh  (he  distribution  of  salinity.  .\t  any 
rate   the  extension    of   the   hydrographic   observatiojis   at 
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present  carried  out,  top^ether  with  the  most  valuable 
information  which  will  be  afforded  by  the  extensive  series 
of  observations  now  being  made  by  the  Irish  Department 
of  Agriculture  and  Technical  Instruction,  should  enable 
us  thoroughly  to  understand  the  physical  coiulitions  of 
the  Irish  Sea  , basin.  Unfortunately,  reliable  fishery 
statistics,  the  collection  of  which  is  in  other  hands,  are 
much  more  difficult  to  obtain. 

We  have  seen  that  the  minor  temperature  changes 
are  set  up  b}'  the  translocation  of  masses  of  water  of 
different  temperature.  Because  of  the  strong  tidal 
streams  the  precise  delimitation  of  isothermal  water  areas 
ill  the  Irish  Sea  is  rendered  most  difficult.  If  it  were 
possible  to  make  very  numerous  simultaneous  temperature 
observations  over  the  eastern  half  of  the  Irish  Sea  we 
should  certainly  find  scattered  "  islands  "  of  cold  or  warm 
water  here  and  there  over  the  inshore  region.  Obviously, 
the  small,  rapidly  occurring  temperature  variations,  such 
as  those  indicated  in  figs.  11  and  12,  are  not  occasioned 
by  the  heating  or  cooling  of  the  sea  in  situ,  but  are  due 
to  the  transference  of  comparatively  large  volumes  of 
water  from  place  to  place. 

There  can  be  no  doubt  that  the  irregular  distribution 
of  the  plankton  of  the  Irish  Sea,  within  the  twenty-fathom 
contour-line,  is  to  be  traced  to  these  movements  of  masses 
of  water.  This  must  obviously  be  the  case  with  regard 
to  those  planktonic  organisms  which  are  pelagic  stages 
of  demersal  animals :  crab  and  sea  urchin  larvae,  for 
instance,  which  are  produced  at  one  place  and  carried 
elsewhere  by  the  movement  of  the  water.  Truly  plank- 
tonic organisms,  such  as  diatoms  and  copepods,  especially 
such  neritic  forms  as  are  indigenous  to  the  Irish  Sea  area, 
probably  segregate  themselves  in  bands  or  zones  of 
relatively  great  area — Norfilitrn,   fnr  instance— and  these 
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zones  probably  coincide  roughly  with  isothermal  or 
isohaline  regions,  or  with  compromises  of  both  factors. 
Indeed,  it  is  even  now  possible  to  indicate  these  zones 
roug:h1v.  But.  because  of  the  irregular  movement  of  the 
sea  water,  "  islands  "'  of  plankton  must  be  shifted  from 
place  to  place,  just  as  the  temperature  changes  from  jilace 
to  place  for  the  same  reason.  It  will  generally  be  practi- 
cably impossible  so  to  control  plankton  tishing  experi- 
ments as  always  to  fish  in  water  of  the  same  origin.  This 
must  be  the  case  in  coastal  waters  (within  the  twenty- 
fathom  line).  Outside  this  limit  the  conditions  are 
doubtless  more  uniform. 

It  does  not  follow  that  there  are  no  vertical  move- 
ments of  the  plankton  because  no  well-marked  tliermal 
stratification  of  the  sea  is  to  be  obseived.  \'crti(al 
planktonic  migrations  are  jirobably  set  up  both  by 
changes  in  the  intensity  of  light,  and  by  convection 
currents,  and  the  slight  vertical  changes  of  sea  tempera- 
ture are  caused  by  the  latter.  Such  irregularity  of  the 
])lankton  can  be  eliminated  by  making  all  hauls  strictly 
vertical  ones,  from  bottom  to  surface.  liut,  so  to  control 
plankton  fishing  that  the  results  of  hauls  may  be  quantita- 
tively compared  with  each  other.  a])pears  to  me  to  be 
])ractically  impossible,  because  of  the  comidexity  of  the 
conditions  characterising  the  coastal  regions  of  the  Irish 
Sea.  It  is,  indeed,  possible  that  there  may  be  an 
approximate  uniformity  of  the  i)lankton  in  the  central 
ai'ca  South  from  the  Calf  of  Man,  and  West  from  meridian 
4°  AV.,  oi'  in  the  fairway  of  St.  George's  Chjimcl.  Hui 
within  the  twenty-fathom  line,  the  hydiograph  ic  con- 
ditions are  so  complex  that  the  icsnits  of  phinkton 
expeiimenfs  must  be  exc-eedingly  dillicull    to   inlerpict. 
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INTERNAL   PARASITES   AND   DISEASED 
CONDITIONS    OF    FISHES. 

By  Jas.  Johnstone. 

Dibothrium  crassiceps,  Eudolphi. 

When  trawling  to  the  South-west  of  the  Calf  of  Man 
in  June,  1908,  a  small  hake  was  caught  which  contained, 
in  its  intestine,  about  a  dozen  Cestodes,  which  I  refer  to 
the  above  species.     The  uieasurements  of  this  worm  are  : 

Total  length  of  the  strobilae  :   50  to  GO  mm. 
Greatest  breadth  of  the  proglottides  :   ;]  mm. 
Greatest  length  of  jjosterior  proglottides  :   1  mm. 
Diameters  of  the  scolex :  1"7  x  I'T  mm. 

The  anterior  part  of  one  of  these  worms  is  represented 
in  fig.  14,  and  it  will  be  seen  that  the  scolex  is  spherical. 


Fifi.  14.  Dibothrium 
crassiceps,  Rudolph i. 
Mag.  11  dias. 


A  prominent  groove  divides  it  longitudinally  into  two 
sectional  lobes,  and  in  each  lobe  there  is  a  bothrium.  The 
latter  presents  itself  externally  as  a  longitudinal  slit, 
widest  at  the  middle,  and  diminishing  to  a  mere  chink 
at  its  anterior  and  posterior  extremities.  It  is  situated 
I'fither  nearer  to  the  anterior  end  of  the  scolex. 
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Tills  slit  is  the  openin<>-  of  a  deep  and  rather  lar^e 
cavity.  Fig.  15  represents  a  transverse  section  of  the 
scolex  made  directly  throujjh  the  widest  part  of  the 
opening-  of  the  botlninm.  Within  tliis  is  a  large  cavity, 
which  in  the  unprc-^erved  specimen  is  probably  nearly 
hemis])herical  in  sliaj)e.  The  darkly  dotted  areas  at  the 
sides  of  tlie  openings  of  the  botliria  probably  represent 
bundles  of  muscular  and  fibrous  tissue,  serving  for  the 
contraction    of    these    o])(Miings.       The    irregular    spaces 


Dibothrium  crasxiceps.      Mag.  33  dias. 

Fig.  15.     Trans,  section  of  P^ic.  16.     Similar  section 

scolex  through  opening  posterior  to  that  shewn 

of  bothriuni''  in  Fig.  15. 

represented  in  (he  figure  within  \]\v  walls  of  the  bothria 
are  ])i'()l)ably  the  sections  of  excretoiv  channels.  Fig.  l(i 
icjjresents  a  section  made  through  the  scolex  some  distance 
behind  Ihe  opening  of  ihf  bdthriuin.  Here  also  a  number 
of  fibres  are  seen  running  ii-reguhuly,  probably  ()bli(|u('l\-, 
round  in  the  walls  of  tlie  bolhiium.  These  no  doubt 
funefinn  as  ronstrictors  of  the  lattei-.  The  cavity  extends 
thronoluHil  ;ilnin-j   ;ill   I  he  Icnoih  of  llic  s(nl(^i;. 
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The"  proglottides  are  not  figured.  There  is  no  distinct 
neck  in  the  worm,  and  the  segmentation  begins 
immediately  behind  the  seolex.  The  posterior  proglottides 
are  much  broader  fin  tlie  transverse  axis  of  the  strobila) 
than  they  are  long  (in  the  longitudinal  axis  of  the 
strobila),  and  their  anterior  extremities  are  narrower  than 
the  posterior  ones,  so  that  the  edge  of  the  strobila  appears 
to  be  serrated.  Secondary  segmentation  of  the  proglottis 
often  occurs.  According  to  Linton,*  the  "  cuticle  is 
covered  with  minute  spines,"  but  I  can  see  nothing  of 
this  kind  in  the  specimens  before  me.  The  genital 
openings  are  in  the  middle  line  of  the  proglottides,  but 
near  the  anterior  borders  of  the  latter. 

Zoogonoides  viviparus  (Olsson). 

A  large  plaice  caught  in  Luce  Bay  in  October,  190S, 
died  shortly  after  it  had  been  put  into  the  tanks  at  Piel. 
It  was  58  cms.  in  length,  and  was  13  or  14  years  of  age. 
On  dissecting  it,  about  a  dozen  Trematodes  were  found 
in  the  hind-gut,  quite  near  to  the  anus.  They  were  pale 
yellow  in  colour  when  alive,  very  small,  and  just  visible 
on  close  examination  without  a  lens.  The  measurements 
were :  — 

Length :   1"03  mm. 
Breadth  :    0'33  mm. 

Transverse  diameter  of  oral  sucker:  0"12  mm. 
,,  ,,  ventral  sucker :  0'19  mm. 

There  was  very  little  variation  in  size. 

The  worm  is  not  figured  here.  The  skin  of  the 
part  of  the  body  in  front  of  the  ventral  sucker  was  covered 
with  short  straight  spines.  There  is  a  very  small  pharynx 
and    no    very    conspicuous    oesophagus.      The    intestinal 

*  ■'  Parasites  of  fishes  in  the  Woods  Holl  region."      B^dl.  J'.S.  Fish 
Coiuinission,  Vol.  XIX,  p.  473,  Washington,  1899  (1901). 
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rami  go  back  as  far  as  the  ventral  sucker.  The  testes 
are  two  round  or  ovoid  bodies,  situated  one  on  each  side 
of  the  ventral  sucker,  and  in  almost  the  same  transverse 
plane,  so  that  in  a  side  view  one  hides  the  other.  The 
ovary  lies  immediately  behind  the  ventral  sucker.  The 
region  of  the  body  behind  the  ventral  sucker  is  almost 
entirely  occupied  by  the  capsules  containing  the  embryos, 
but  there  is  a  very  large  excretory  A'esicle  at  the  posterior 
extremity.  The  vitellaria  appear  to  lie  immediately 
round  and  mostly  in  front  of  the  ventral  sucker. 

The  vesicula  seminalis  and  cirrus  lie  immediately  in 
front  of  the  ventral  sucker,  and  the  genital  opening  is 
situated  well  towai'ds  one  side.  In  most  of  my  specimens 
the  cirrus  was  protruded,  and  appeared  to  be  armed  at 
its  tip  by  a  loosely  arranged  bundle  of  short  straight 
spines, 

A  Hake  with  degenerated  parasites  in  the  muscles. 

In  April  last  a  piece  of  flesh  from  a  hake,  caught  on 
the  West  coast  of  Ireland,  and  landed  at  Fleetwood,  was 
sent  to  the  Piel  Laboratory.  Mr.  Driver,  the  Fish 
Inspector  for  Bradford,  who  sent  the  piece  of  flesh, 
informed  us  that  i(  was  a  fair  sample  of  a  hake  which  had 
been  condemned  as  human  food.  The  muscles  of  the  fish 
were  permeated  by  small,  dense  black  particles  arranged 
in  rows.  Usually  there  were  two  or  three  of  these 
particle^  in  a  low,  but  occasionally  there  were  more.  As 
a  rule  llie  rows  were  parallel  to  the  general  direction  of 
the  muscle  bundles,  but  occasionally  they  ran  athwart 
the  latter.  Fiuthcf  than  this  they  showed  no  arrange- 
ment. Dissected  out  from  the  muscle  tissue,  and 
examined  under  the  inic-ioscopc,  I  he  little  black  particles 
showed  no  stiiicl  lire,  and   wcic  alino-t   ])cilr((  ly  o])a(]ue. 

l'"i<''.    'J.    i'l.    III.    rr|)ri'srnl>    ihr   a|i|)i';ira  nee   oT   ;i    small 
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piece  of  the  tissues  of  this  fish  stained  with  borax-carmine, 
cleared,  and  mounted  in  balsam.  The  black  particles  are 
seen  to  be  round  or  oval  egg-shaped  structures,  and  they 
consist  apparently  of  concentric  shells  of  some  structure- 
less substance  arranged  round  a  nucleus.  They  may  be 
compared  with  pearl-like  concretions.  Each  of  them,  or 
sometimes  two  together,  are  surrounded  by  a  kind  of 
capsule,  and  the  row,  six  in  this  case,  is  surrounded  by  a 
loose  connective  tissue.  The  whole  lies  between  the 
muscle  fibres,  which  have  been  forced  apart. 

Fig."  8,  PI.  Ill,  represents  part  of  a  section,  nu^de 
transversely  to  the  muscle  bundles,  and  stained  with 
Mann's  niethyi-blue-eosin.  It  shows  one  of  the  black 
particles  cut  nearly  through  the  centre,  and  lying  among 
a  group  of  muscle  fibres.  These  bodies  vary  much  in 
size  and  shape.  Generally  their  diameters  range  from 
0-;39  X  0-15  mm.  to  028  x  0-22  mm.  They  are  usually 
egg-shaped.  It  is  seen  that  each  consists  of  a  nucleus 
which  has  no  definite  structure,  being  composed  entirely 
of  granules,  large  and  small,  with  sometimes  masses  of 
pigment,  and  sometimes  highly  refringent  larger  granules. 
Surrounding  this  nucleus  are  a  variable  number  of 
concentric  shells,  made  up  of  a  substance  showing  no 
regular  structure.  These  shells  are  occasionally  rather 
widely  separated,  and  the  spaces  between  them  often 
contain  finely  granular  matter.  Outside  this  highly 
pigmented  concretion  is  a  shell  of  fibrous  tissue, 
a])parently  belonging  to  the  intrusive  body ;  and  outside 
this  again  is  another  looser  shell  of  fibrous  tissue,  looser 
in  structure,  and  consisting  of  fine  wavy  bundles.  In 
fig.  2  these  are  seen  end  on.  Scattered  among  them  are 
small  nuclei.  This  part  evidently  belongs  to  the  tissues 
of  the  host,  and  is  an  investment,  protective  it  may  be. 
;ni(l  probably  produced  as  tlie  result  of  local  inflammation. 
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The  whole  lies  loosely  among'  tlio  muscle  fibres,  which  are 
represented  in  section  round  it. 

It  is,  of  course,  impossihle  <o  say  what  is  the  ])recise 
nature  of  those  intrusive  bodies.  lUit  it  is  hio-lily 
probable  that  tliey  are  the  e<i-g's  of  some  internal  parasite 
of  the  fish.  They  can  hardly  be  larvae,  like,  for  instance, 
those  of  a  Trichiiut,  for  in  such  a  case  some  vestige  of 
liooks,  spines,  or  some  other  fairly  ihirable  organs  of  the 
larvae  would  have  been  visible.  If  they  are  eggs,  the 
structure  of  the  bodies  is  easily  explained  by  supposing 
that  the  concentric  shells  whicli  make  them  up  are  formed 
from  the  capsules  of  the  ^^^.  Certainly  they  are 
degenerated  bodies,  as  is  indicated  by  the  presence  of  the 
highly  refringent  calcareous  corpuscles,  structures  which 
seem  almost  invariably  to  be  ])roduced  when  the  eggs  or 
larvae  of  an  entozoon  die  in  the  tissues  of  an  anijiial 
incapable  of  acting  as  its  host.  How  did  they  reach  the 
muscle  fibres  of  the  fish  ?  It  is  probable  that,  in  some  way 
or  other,  the  eggs  of  a  ])aiasite  iiiliabiting  some  organ  of 
the  hake  had  gained  admission  to  the  blood  stream,  and 
were  carried  along  until  they  reached  the  capillaries. 
Being  larger  than  some  (or  most)  of  tJie  latter,  they  have 
become  arrested  there,  and  the  life-history  being  now 
summarily  inter]U])ted,  ihey  have  died.  The  outer  fibrous 
investment  is,  then, the  remains  of  the  capinary  wall, with, 
no  (h)ubt,  some  iiiHainniatory  tissue.  The  Fish  Inspector, 
sduek  \\\\\\  the  |)(Muliai  a  |i|ie;M'aiice  of  the  Hesli,  proniptlv 
condemned  the  lish,  and  no  (h)ubt  I'ightly,  since  it  may 
be  stated  as  ;i  geiieial  |ii-ece|it  that  any  very  unusual 
structui'es  indicate  the  undesirabil  ity  ot  utilising  the  ftesh 
of  an  animal  in  whi(di  they  cx^cur  as  human  food.  But 
in  this  case  it  is  ])idbable  that  the  Hesli  of  the  hake  was 
(juito  harmless. 
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Two  Plaice  with  external  tumours. 

In  October,  1908.  two  plaice  were  sent  to  the 
laboratory  by  the  Board  of  Agriculture  and  Fisheries. 
There  were  large  and  prominent  tumours  on  the  skin  of 
each.  In  view  of  the  great  interest  that  would  attach  to 
the  discovery  of  cases  of  malignant  tumours  in  fishes  taken 
from  the  open  sea,  some  considerable  attention  was  paid 
to  the  nature  of  the  structures  in  question.  It  proved, 
however,  that  the  growths  were  not  malignant ;  never- 
theless, they  may  be  worthy  of  detailed  description. 

Plaice    A.      Granulation    Tissue    Tumour. 

The  fish  was  a  mature  female  49  cm.  in  length.  The 
stomach  and  intestine  were  empty.  The  viscera  were, 
apparently,  normal,  and  the  fish  was  in  good  condition. 

Fig.  2,  PL  I\',  is  a  photograj)]i,  nearly  natural  size, 
of  the  tumour  on  the  skin  of  this  plaice.  It  was  situated 
on  the  ocular  side,  about  half-way  between  the  anus  and 
the  root  of  the  tail ;  about  one-fourth  of  it  was  dorsal  to 
the  lateral  line.  The  growth  was  roughly  circular  in 
shape,  about  -io  mm.  in  diameter,  and  raised  up  above  the 
general  level  of  the  skin  about  5  to  10  mm.  The  skin  was 
broken  all  round  the  periphery  of  the  growth,  and  raised 
to  nearly  the  upper  level  of  the  latter.  The  substance 
composing  the  tumour  was  dead  white  in  colour^  and 
consisted  of  dense  fibrous  tissue.  It  was  slightly 
excavated  in  the  centre,  as  shown  in  the  photograph. 
Perhaps  part  of  it  had  been  rubbed  away  in  handling  the 
fish.      There  was  no  pus  tissue. 

A  large  area  of  skin  immediately  round  the  tumour 
was  abnormally  pigmented,  being  dense  black  in  colour. 
This  is  not  very  well  shown  in  the  photograph.  This 
patch  of  skin  stood  out  very  distinctly  from  the  rest, 
shading  away  quite  sharply  into  the  surrnv.nding  pigment. 
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\\  licii  the  fisli  was  received  the  (•oh)uiiu<>;  of  the  ocelli  on 
the  rest  of  the  skin  was  distinct  and  normal. 

Directly  underneath  the  growth  thus  described,  and 
on  the  blind  side  of  the  fish,  was  a  healed  scar.  This  was 
indicated  by  an  indistinct  line,  on  either  side  of  which 
was  an  area  of  skin  devoid  of  scales. 

The  tissues  of  the  fish,  muscles,  liver,  kidney  and 
blood  were  examined  for  the  presence  of  parasites  ;  but 
when  I  had  first  the  opportunity  of  seeing  them,  these 
parts  were  in  a  very  bad  state  of  preservation.  It  is 
perhaps  inevitable,  but  none  the  less  unfortunate,  that 
such   interesting-  specimens  as  this  are  almost  always  in 


lind  Side" 


Fig.  17.     Plaice  with  tumour.     Transverse  hand  section 

of  part  of  the  fish  through  the  tumour.     Nearly  natural 

size. 


such  a  state,  when  received,  (hat  meihods  of  exact 
histological  investigation  cannot  be  applied.  There  was. 
however,  no  indication  of  the  invasion  f)f  the  plaice  by 
any  obvious  interna  I  parasite  ca])able  of  withstanding 
imperfect  preservalion. 

Fig.  17  re})resciits  the  appeai'ance  ol  a  hand  section 
made  through  the  middle  of  the  tumour,  and  it  will  be 
seen  that  the  greater  part  of  the  subsiance  of  this  is 
composed  of  the  greatly  alteicd  inlcgunicnl.  All  round 
the  peripheiy  ol'  the  growth,  and  e.xlending  towards  the 
<  cntie  for  about  one-third  of  the  diameter  of  the  tumour, 
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the  skiu  is  thickened  and  frayed  nut.  By  far  the  greater 
part  of  this  thickened  part  of  the  integument  is  formed 
by  the  connective  tissue  bundles  of  the  dermis,  which 
spread  out  (in  section)  in  a  fan-like  manner.  Between 
these  cuticular  connective  tissue  bundles  is  a  quantity  of 
dense,  wavy,  fine,  fibrous  tissue;  and  towards  the  surface 
of  the  growth  this  intercalated  tissue  becomes  pre- 
dominant and  is  exposed.  The  core  of  the  growth  is 
formed  by  a  mass  of  the  same  kind  of  dense  fibrous  tissue, 
and,  as  shown  in  the  figure,  this  extends  downwards  to 
near  the  vertebral  column.  The  arrangement  of  the 
muscle  bundles  of  the  trunk  is  roughly  indicated  in  the 
figure,  and  it  will  be  seen  that  hardlv  anv  of  the  substance 
of  the  tumour  is  made  lip  of  muscular  tissue.  Here  and 
there  indeed,  scattered  muscle  bundles,  or  even  isolated 
fibres,  can  be  seen  in  stained  sections,  but  these  are  not 
at  all  prominent,  and  they  are  present  there  because  the 
foreign  fibrous  tissue  has  grown  out  from  between  the 
muscle  bundles,  and  forced  the  latter  apart. 

The  whole  is  probably  a  healing  tissue — a  conclu- 
sion made  by  Prof.  Annett,  of  the  Department  of 
Comparative  Pathology  at  Liverpool  University.  Probably 
the  fish  had  received  some  injury  :  if  so  it  must  have  been 
considerable,  and  a  comparatively  large  amount  of  tissue 
must  have  been  actually  removed.  In  a  fish  like  the 
plaice,  comparativeh'  small  wounds  heal  quickly,  and 
leave  but  little  trace.  Even  the  wound  made  by  passing 
the  silver  wire,  used  in  "  marking  "  those  fishes,  through 
the  body  near  the  dorsal  fin,  hardly  ever  becomes  greater, 
never  suppurates,  and  even  after  two  years  during  which 
period  the  wire,  bone  button,  and  brass  label  have  been 
attached  to  the  fish,  there  is  hardly  any  enlargement  of 
the  hole  through  which  the  wire  passes.  Fishes  like 
plaice,  flounders,  halibut,  turbot  and  brill  are  occasionally 
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fcmiid  with  iLu  initials  of  some  fislier-lad,  or  sporting 
yachtsman,  scored  with  a  knife  on  the  side.  Such  wounds 
form  clean,  not  ver}^  conspicuous,  scars,  healing  perfectly. 
Sometimes  a  fairly  larg-e  piece  of  the  body  of  the  fish, 
along  the  hack,  or  along  the  ventral  side,  behind  the 
anus,  may  be  bitten  out  cleanly  by  some  other  fish.  In 
such  a  case  a  clean  healed  surface  is  formed.  Even  such 
comparatively  delicate  fish  as  the  whiting,  haddock,  or 
mackerel,  are  occasionally  found  with  a  rubber  band,  or 
ring,  sprung  on  to  the  body  behind  the  gills.  This 
causes  a  constriction  from  the  continual  pressure  of  the 
rubber  band,  but  the  skin  is  seldom  damaged.  Plaice 
and  flounders  are  often  caught  with  split  tails  and  fins, 
sometimes  perfectly  healed.  Even  when  these  injuries 
icsult  from  the  handling  of  ])laice  or  flounders  in  (lie 
trawl  ncl,  ;iud  when  Ihc  fishes  are  kept  in  aquaria,  the 
injuries  heal.  It  is  usually  in  the  cases  of  fishes  like  the 
sole  and  dab,  which  possess  strongly  ctenoid  scales,  that 
injuries  to  the  skin  are  likely  to  prove  of  a  serious  or 
fatal  nature.  Probably  a  sole  cannot  afford  to  have  even 
a  comparatively  small  area  of  skin  rubbed  bare  of  scales  : 
in  such  a  case  the  fish  usually  dies. 

The  adventitious  tissue  j)resent  in  the  skin  and  core 
of  the  growth  described  above,  consists,  then,  of  granula- 
tion tissue  ])rodnccd  to  fill  u])  and  heal  a  fairly 
considerable  cavitN-  icsiilt  iiig  from  some  mechanically 
caused  injurv.  The  vciy  stiikiiig  annular  area  of  pigment 
round  the  growth  is  the  resull  oi  an  inHanunatory  |)rocess. 
There  is  always  black  (and  red)  pigment  in  the  skin  of 
the  ])laice,  and  the  former  has  been  ])roduced  in 
abnormallv  great  (nuiniily  as  the  result  of  the  increased 
blood  suj)j)]y  in  (he  region  of  the  healing  wound.  The 
conclusion  follows,  of  coiirse,  that  we  have  not  to  deal 
here  with  a  tumour  properly  so-called,  either  benign  or 
mal  i^'iiant. 
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Plaice     B.       Fibroma. 

This  was  a  mature  female  40  em.  in  total  lengtli.  It 
was  apparently  in  frond  conditicm  and  well  nonrished. 
The  stomach  and  intestine  were  empty. 

There  was  a  very  conspicuous  tumour,  or  ^rowth,  on 
the  head  of  the  fish,  on  the  blind  side.  The  general 
appearance  of  the  fish  is  shoAvn  in  fig-.  1,  PL  lY,  and  it 
will  be  seen  that  the  growth  lies  behind  the  angle  of  the 
mouth,  and  over  the  inter-  and  pre-opercular  bones.  The 
tumour  is  roughly  elliptical  in  section  (section  made  in 
the  true  horizontal  plane  of  the  fish),  and  the  diameter  of 
the  major  axis  is  about  23  mm.  The  tumour  is  about 
25  mm.  high  (in  the  dorso-venlral  plane  of  the  fish.  It  is 
rather  rough  at  its  distal  surface,  as  if  part  had  been 
removed  mechanically  in  handling  the  fish.  It  is  firm 
and  hard,  the  integument  being  continued  over  most  of 
its  surface.  The  distal  extremity  is  ragged,  apparently 
necrosed,  but  this,  I  think,  is  due  simply  to  mechanical 
injury.  The  tumour  being  on  its  blind  side,  it  would 
obviously  become  rubbed  while  the  fish  was  feeding,  or 
grubbing  about  in  the  sand.  The  growth  is  smooth, 
cheesy-looking,  not  very  vascular,  except  at  its  proximal 
extremity. 

As  before,  a  rather  prolonged  search  was  made  in  the 
intestine,  in  the  tissues  of  the  liver,  kidneys,  spleen,  and 
in  the  blood,  for  parasites,  protozoan  or  entozoan. 
Xothiug  of  the  kind  was  found,  but,  as  in  the  case  of  the 
other  fish,  the  preservation  was  very  impei'fect.  It  always 
is  so  in  these  interesting  specimens  !  Blood  parasites,  for 
instance,  could  not  possibly  have  been  detected,  even  if 
they  had  been  originally  present.  Entozoan  parasites,  or 
larvae,  or  other  stages  included,  or  encysted  in  the 
muscles,  gills  or  skin,  might  have  been  preserved,  but  I 
could  find  no  such  bodies.     We  may  conclude  that  the 

o 


•200        TKAXSACTIOXS    LIVERPOOL    BIOLOGICAL    SOCIETY. 

growth  is  not  tlie  result  of  a  parasitic  invasion.  Xeitlier 
is  it  a  liea]in<j  tissue,  as  in  the  case  of  Phiice  A.  There 
are  no  indications  of  a  wound.  The  tumour  is  attached 
to  the  iiitcjifunienr  hy  a  coinjjaiativcly  iiarr(nv  base,  and 
it  is  even  sliglitly  constricted  at  its  insertion.  We  cannot 
conceive  of  a  healin<T  tissue  o-rowintj  out  in  the  manner 
of  the  fjrowth  in  question.  I  conclude,  then,  that  it  is  a 
true  tumour — a  fihroitui.  Histologically  it  consists  of 
dense  fibrous  tissue,  hard  and  compact  as  a  rule,  but  here 
and  there  with  slight  spact^s.  Tliere  are  also  aggregations 
of  connective  tissue  cells,  but  tlie  wavy  fibrous  bundles 
are  the  predominant  tissne.  It  does  not  appear  to  have 
any  of  the  characters  of  a  malignant  growth,  being 
apparently  well  bounded,  though  not  encapsulated  at  its 
periphery.  There  may,  indeed,  be  a  permeation  of  the 
surrounding  tissues,  but  from  the  nature  of  the  growlli  it 
is  difficult  to  be  sure  of  this. 

An  abnormal  specimen  of  the  Brill. 

In  May,  190S,  Dr.  Jenkins  sent  me  an  abnormal 
specimen  of  the  brill  (RJionihits  lacvis),  which  had  been 
forwarded  io  him  by  a  fisherman.  The  head  of  this 
specimen  is  represented  in  fig.  IS.  and  it  will  be  seen  that 
a  condition  fi('(|U('iitly  seen  in  various  flat  fish  is  present, 
viz.,  a  ])aiiially  arrested  inctainoi])hosis,  the  etl^'ect  of 
which  is  manifested  in  the  incomplete  translation  of  I  he 
rio-ht  eve.  In  a  pliMiKmectid  fish  ihe  shifting  of  one  eye 
from  its  inor[)hologi(  al  i)roi)('r  side  precedes  the  growth 
forward  of  ihe  dorsal  fin  in  the  pseudo-mesial  line.  It 
sometimes  happens,  however,  that  this  shifting  of  one  of 
the  eves  to  its  definitive  side  is  delayed,  or  does  not 
completely  occur.  Thoi  the  anterior  growing  extiemity 
of  the  dorsal  fin  arches  over  this  eye ;  perhaps  it  may 
later  on  fuse  with  the  preocular  part  of  the  head,  but  a?  n 
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rule  a  little  hook  is  formed,  a  prolongation  of  the  skeletal 
parts  of  the  fin,  and  on  this  the  rays  are  attached.  This 
is  the  case  with  the  specimen  figured.  There  is  a 
prominent  liook-like  process  carrying  the  first  six  or  eiglit 


Fig.  18.     Abnormal  Brill.     Nearly  natural  size. 

dorsal  fin -rays,  and  extending  forward  towards  the  snout, 
over  the  right  eye.  This  eye  is  further  apart  from  the 
other  than  is  normally  the  case.  It  is  not  far  from  the 
dorsal  line  of  the  head. 
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The  fish  is  ambicolorate,  but  its  appearance  when 
seen  from  the  blind  side  is  ratlier  bizarre  (fip-.  1,  PL  HI). 
Tlie  fjreater  ])art  of  this  side  is  ;is  ])erfectly  pi'jniented  as 
is  tlie  left,  ocular  side.  ]Jut  part  of  the  head  is  perfectly 
white.  The  skin  coveriu'i'  ih(^  cheeks,  the  anterior  and 
dorsal  part  of  the  head,  the  pre-operculum  and  inter- 
opercuhun,  is  colourless,  but  that  coverin<^  the  operculum 
and  sul)-o})erculuni  is  ])erfectly  pigmented.  The 
coloration  stops  very  exactly  at  the  suture  between 
operculum,  sub-operculum,  and  inter-o])erculum.  So 
much  of  the  hook-like  process  as  can  be  seen  from  the 
])liiid  side  is  ])i<i^mented  ;  so  is  the  dorsal  fin  to  its  tip: 
and  so  is  ])art  of  the  skin  coveriu',''  the  maxilla.  'l"he 
prc-maxilla  and  lower  jaw  are  pif^menied. 

The  specimen  rather  resembles  tliat  described  by 
J.  T.  ('uiiiiiiigham,*  but  the  uiii(|iic  conditions  of  reversal 
in  the  latter  specimen  are  absent.  I'he  fish  T  describe  is 
normal  so  far  as  its  symmetry  is  concerned.  It  is  an 
immature  female,  normal  in  every  respect  except  for  the 
features  noted  above.  ('uiiiiin(>ham  jjoints  out  that  the 
arrested  mi<,^ration  of  the  eye.  and  the  consequent 
abnormality  of  the  dorsal  tin,  occurs  frequently  in 
ambicoldiatc  s[)('cimciis  of  the  ttiihot  and,  less  frequently, 
in  aml)icol()iatc  specimen^  of  (itlicr  Pleuronectidae.  The 
ambicohiratioii  in  thcluiil  dcsriilx-d  certainly  corresponds 
with  the  ;i])iioiiii;il iiy  in  (jucstion.  Jiut  I  have  seen  more 
specimens  showing'  these  chaiacters — ambicoloration  and 
arrested  nu'tanuirpliosis  arnon<r  Hounders  tlum  jimonrf 
anv  othei'  Irish  Sea  flat  fishes. 


*"A  peculiarly  abnormal  specimen   of   tlic   tnrbot."      Jojirn.    Mar, 
Biol.  Assn.,  Vol.  VlII,  No.  1,  p.  44,  H.  3,  1907. 
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Plate  IV. 
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BACTERIOLOGICAL    IXVESTIGATIOXS    IX 
RELATIOX  TO  vSHELL-FISII  POLLUTION. 

By  Jas.  Joiixstoxe. 

I.— THE  LANCASHIRE  AND  CHESHIRE  COCKLE  GROUNDS. 

IL— THE  MUSSEL  BEDS  ON  PIEL  SHORE. 

III.— EXPERIMENTS   ON  THE   PURIFICATION  OF  POLLUTED 
MUSSELS. 

I.  Late  in  1!)()T  Dr.  -lonkiiis  suo-<resie(l  to  nie  tlie 
advisability  of  examiniiio'  flie  rdiidiiion  of  tlie  cockle  beds 
on  the  Lancashire  littoral  :  and  duriiifi-  the  last  three 
months  of  that  year,  and  the  tirst  three  of  lOOS,  various 
inspections  and  analyses  were  made.  Dr.  Jenkins  and  I 
visited  Formby  on  18th  October,  Flookburgh  on  18tli 
November,  Ausdell  on  2otli  November,  Leasowe  on  2nd 
Decem])er,  and  Silverdale  on  11th  December,  li)OT.  On 
each  occasion  we  examined  the  cockh'-bearinf)-  sands  for 
evidences  of  sewa^-e  poll ul  ion,  and  I  collected  samples  of 
the  shell-fish,  and,  in  some  cases,  of  the  water  on  tlie 
sands,  for  bacterioloo-ical  analysis. 

Methods  of  analysis  in  the  case  of  a  cockle  (litter  in 
detail  from  those  employed  for  mussels  and  oysters.  In 
the  latter  ease  it  is  generally  useful  to  examine  each 
mollusc  individually,  by  taking  a  sample  quantity  of  the 
contents  of  the  stomach  and  intestine;  and  in  this  way 
one  can  ascertain  tlie  vaiiation>  in  liability  to  pollution 
of  the  shell-fish  on  different  spots  of  the  scar  examined. 
This  is,  however,  dilticult  in  the  case  of  the  cockle,  and 
the  method  employed  was  essentially  that  recommended 
by  Dr.  A,  C.  Houston. 

About  50  cockles,  collected  from  dilferent  parts  of  the 
bed  in  question,  formed  a  sample.       The  shell-fish  were 
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transported  ill  air-tio'lil  steriliscil  paiui  tins,  and  on  arrival 
at  the  laboratory  the  tins  were  packed  round  with  iee. 
Ill  no  case  was  an  interval  of  more  than  'JO  hours  alhiwed 
to  (da[)se  between  the  times  of  collect ioji  and  incubation. 

Ten  cockles  wer-e  selected  at  laudom  fiom  the  sample 
and  washed  under  the  tap.  'Jliey  were  o})ened  by 
sterilised  knives  so  that  the  "  tish  ""  remained  in  one  valve. 
Then,  by  means  of  sleiile  scissors,  the  soft  parts  of  the 
mollusc  were  cut  into  as  small  pieces  as  possible,  while 
still  lyino-  in  the  shell,  the  latter  being'  held  over  a  small 
sterile  jjlass  mortar.  In  this  wav  all  the  bodies  of  teu 
cockles  were  cut  up  and  put  into  the  mortar.  It  is 
necessary  to  take  some  pains  thoroughly  to  clean  and 
sterilise  the  hno-ers,  since  the  latter  are  almost  sure  to 
receive  some  of  the  li(|uid  diipping  from  the  shell  into  the 
mortar.  The  soft  [)nlp  in  ihc  latter  is  then  thoroughly 
beaten  up  with  the  pestle  until  an  emulsion  of  the  soft 
biulies,  with  the  li(|Uoi'  in  the  shells,  is  formed.  I'liless 
a  homogeneous  einulsion  is  prepaicd  irregular  results  are 
obtained. 

This  emulsion  is  ihen  |)oui-ed  into  a  Hash  and  diluted 
to  100  c.c.  with  sleiih*  watci',  and  the  whoh'  is  verv 
thoroughlx'  mixed.  IJui  it  is  impossihle  It.)  obtain  a 
uniform  suspension  in  water  (d'  the  soft  parts  of  the 
n!(dhiscs.  Therefore  the  flask  is  allowed  to  stand  for  a 
few  minutes  until  the  heavier  ])ails  of  the  s(did  matter 
have  seltlcd  lo  ihc  hotlotn.  l'r(diably  the  l)acteria 
iidml)itiug  ihe  co(kle  aie  jiictty  evenly  distiibuted 
through  the  licpiid:  hut,  at  any  rate,  this  must  i)e 
assumed,  for  it  is  only  the  li(|unl,  containing  the  iiner 
pai'ti(des  in  suspension,  that  'an  be  exanniuMl.  Ten  c.c. 
of  the  liquid  are  tlien  taken  ami  added  to  !)(l  c.c.  of  sterile 
water  in  a  second  flask,  and  again  10  c.c.  of  the  thoroughly 
mixed   liouid    in    this   second    fhi'-k"  are   added   to   !)0  c.c   of 
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sterile  water  in  a  tliiid  flask.      In  this  way  four  dilutions 
are  made. 

In  Flask      I — 1  c.c.  contains  0-1        part  of  a  cockle. 

11—  „  „  001 

III-  „  „  0-001 

IV—  „  „  0-0001 

In  actual  practice  it  was  found  that  two  dilutions 
were  sufficient,  but  when  examining  a  sample  of  cockles 
for  the  first  time  four  should  be  made. 

One  c.c.  of  liquid  from  each  flask  was  then  taken  and 
put  into  a  PetH  ca^jsule.  Xeutral-red,  bile-salt,  lactose 
agar*  had  been  previously  melted,  partialh*  cooled,  and 
then  put  into  the  incubator  at  a  temperature  of  42°  C, 
the  tubes  standing  in  a  large  dish  of  water.  One  tubefui 
of  the  medium  was  then  poured  into  each  of  the  Petri 
capsules  containing  the  cockle  liquid,  and  the  contents 
were  rapidly  mixed  by  slightly  staking  and  rotating  the 
capsule.  The  latter  Mere  then  allowed  to  cool,  were 
inverted  and  incubated  at  42°  C.  for  20  to  24  hours,  at  the 
most.  After  this  period  the  plates  were  read  and  the 
crimson  colonies  \vere  counted.  Most  of  tbe  latter  grow 
in  the  deep  and  ap])ear,  from  surface  view,  as  little 
elliptically-shaped  bodies.  They  are  really  lenticular  in 
shape,  for  the  colony  grows  in  a  direction  perpendicular 
to  the  surface  of  the  medium  (in  the  direction  of  least 
resistance).  Generally  they  are  surrounded  by  a  haze, 
which  is  fairlv  evident.  All  crimson  colonies  g-rowinn-  in 
the  deep  were  counted. 

Two  plates  were  ahva^'s  made  from  each  dilution. 

Eepresentative  colonies  from  all  the  plates  examined 
were   then  selected   and   sub-cultured   on   the   surface   of 

*  Griinbaum  and  Hume,  Britiah  Medical  Journal.  .June  14,  1902. 
The  medium  employed  was  prepared  in  the  Pathological  Department, 
Liverpool  Univer.sity. 


2()()  TlfAXSAC'I'loXS    LIVEKI'OOL     l!I()T.()(;  ICAT,    SOCIF.TY. 

sloped  iiutiiciit  ao-ar  in  tubes.  After  24  hours  at  42°  C. 
these  secondary  sub-cultures  were  aj^ain  sub-cultured  in 
the  followino^  sug'ar  media:-  (ilucose,  lactose,  numnose, 
sucrose,  dulcite,  inuliii,  and  adouite,  all  containino^ 
litmus.  Litmus  milk  cultures  were  also  made,  and  Yot^es' 
and  Proskauer's  reaction  ^yas  tested  for  in  the  gducose 
cultures.  All  were  incubated  for  48  liours  at  42°  C.  At 
first  I  examined  +lu>  siig-ar  cultures  for  motility  of  the 
bacilli,  but  later  on  abandoned  tins  character  as  useless. 

In  eacli  case  1  c.c.  of  the  cockle  li((uid  in  each  flask 
was  incubated  anaerobically  in  litmus  milk  pi'eviously 
heated  to  nearly  100  c.c.  and  then  cooled  rapidly.  T}\  the 
"  Enteritidis  reaction  "  is  meant  the  clottinsr  of  the  milk 
after  24  hours'  strictly  anaerobic  incubation  :  the  appear- 
ance of  acid,  and  extensive  disruption  of  the  clot  by  gas 
formation.  No  further  cultures  and  no  iuoculalions  were 
made. 

I  think  it  essential  to  give  Ihe  delails  of  the  analyses, 
since  futui'e  examination  of  some  of  the  cockle  l)eds  may 
prove  to  l)e  of  great  ini|iortance,  and  it  such  analyses  are 
made  and  their  results  com])ared  with  lh(>s(>  recorded  here 
the  comparison  will  hold  good  only  if  the  methods 
employed  are  identnal.  There  is,  unhappily,  no  doubt 
that  diiferent  bacteriological  methods  oT  cnunu'ration  of 
Baci/lns  col?  in  sh(dl-fish  may  give  stiiking-ly  discrepant 
results,  and  whether  r.r  not  the  method  adopted  above  is 
the  best,  cojiiparison  analys(>s  should  ho  made  by  means 
of  it. 

1  give  now  llic  details  of  the  aiialys(>s,  slating  in  (>a(di 
case  the  results  of  the  ])iiniary  cultures,  as  w(dl  as  those 
of  the  tfM'tiary  sub-cult  uies. 

1.       T  li  e     F  o  r  III  1»  y     c  ()  c  k  1  (>     1)  (>  d  . 
The    sam])les    weie    collecied     (Uic     hour    l)(dore     low 
water:  (ti)  from  Forniby  shore  near  a  guttej'  on  the  sands 
and    W'.S.W.    Irom    the    old    \'ictoria    JJeach    mark;    and 


SEA-FISHERIES    LABORATORY. 


201 


(//)  from  the  seaward  side  of  the  same  <>utter,  and  as  near 
as  possible  to  Xo.  2  Black  Buoy  iu  Formby  Deep.  The 
sand  was  very  clean  and  covered  liere  and  there  with  a 
scum  of  diatoms.  'J'here  is  no  source  of  pollution  nearer 
than  tlie  mouths  of  the  l?iver  Alt.  The  projected  Crosby 
sewer  outfall  was  not  at  the  time  discharnfino-,  and  had 
not,  in  fact,  been  completed. 

FoRMBY  :  Results  of  Primary  Cultures. 


Dilution. 


No.  of  Red  Colonies. 


Enteritidis  Reaction. 


12  (50) 
2  (sterile) 
Sterile  (sterile) 
45  (45) 

Sterile  (sterile) 


Typical 

Discoloiu'ation  and  clot 
No  change  [only 

Typical 
Not  typical 
Not  typical 


The  figures  in  brackets  jfive  the  results  of  the 
duplicate  analyses.  Duplicate  enteritidis  cuHui-es  were 
not  made. 

FoRMBY  :    Results  of  Tertiary  Sub-cultures. 
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In  this  and  other  tables  a  =  acid  formation  ;  g  = 
gas  formation:  d  =  discolouration;  c  =  clot;  o  =  no 
reaction.     Y.  &P.  =  Yoges'  and  Proskauer's  reaction. 
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FoRMBY  :  Results  of  Primary  Cultures — Further 
Analyses. 

Two  samples  were  collected  again  on  February  lltli, 
1908.  They  were  taken  frcni  the  sands  about  100  yards 
S.AV.  from  Crosby  IV-acli  Mark.  Tlic  results  are  as 
follows :  — 


Dilution.  Xo.  of  Red  t'olouies.  Euteritidis  Reaction. 


'     1  5  Typical 

"      ,     2  1  Atypical 

^11  (^  Typical 

1  Atyj^ical 


•) 


2.       T'  he     F  1  o  o  k  1)  u  r  "•  ]i     c  o  c  k  1  c     b  e  d  s  . 

The  sauiples  were  taken  trom  a  j)lace  on  ihe  sands 
a})proximately  S.AV.  by  S.,  and  two  miles  distant  from 
lluniphi'ey  Head.  The  fishermeu  were  working  all 
round.  Onv  sample  ('/ )  was  taken  from  a  hsherman's  bag, 
and  Ihe  other  (b)  directly  from  the  sands,  in  the  track  of 
a  '■■lumbo."  .\l)out  'JOO  yai-(l<  from  this  place  was  a 
shallow  saiul-pool,  and  a  >ani|)h'  of  water  was  taken  from 
this.  This  water  was  slin'htly  turbid,  doubtless  because 
the  men    \\a>h('d  tlu'  (-(Mldes  in   it. 

The  Fh)okbuio-li  cockle  sands  appear  to  me  to  be  as 
fi'cc  tioni  pollution  by  s(!wage  as  any  place  round  the 
Hiilisii  Ivh's  can  well  ]h\  Tlicrc  aic  no  f^'rcat  towns  near 
them,  ;iiid  llic  i  ivcis  Howin<i'  into  the  IJav  ai'c  vei'\-  (dean. 
It  is  su(ii  ;i  place  as  one  might  expect  to  be  above 
susi)icion,  and  this  is  indeed  what  the  bacteriological 
analyses  indicate. 

()ne  c.c.  of  the  water  coll(Mted  was  inoculated,  in 
duplicate,  in  neutral  led  agar,  as  above.  ]3otli  plates 
were  sterile.  One  c.c  was  tested  for  the  Enteritidis  re- 
action and  also  proved  sterile. 
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Flookburgh  :  Results  of  Primary  Cultures. 


Dilution. 


No.  of  Red  Colonies.  Enteritidis  Reaction. 


1 

Sterile 

Sterile 

Sterile 

Sterile 

Sterile 


(5) 

(sterile) 

Atj'pical 
No  change 

(sterile) 

(sterile) 
(sterile) 

No  change 

Typical 

Typical 

No  change 

The  seven  colonies  obtained  were  sub-cultured. 


Flookburgh  :  Results  op  Tertiary  Sub-cultures. 
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3.       The    Ansdell     cockle     beds. 

Two  samples  were  collected  on  the  sands  near  Fair- 
haven  Lake :  (a)  near  the  Lake  itself,  and  (h)  further 
away  and  on  tlie  seaward  side  of  a  g'utter,  on  to  the  shore 
side  of  which  emptied  a  sewer.  A  water  sample  was  taken 
from  the  flutter,  over  against  the  sewer  outfall ;  but  on 
the  opposite  side,  and  to  windward.  There  was  a  strong 
vS.E.  breeze,  and  there  had  been  much  snow  and  rain,  so 
that  the  water  in  this  gutter  was  probably  less  polluted 
than  it  would  have  been  in  tine  weather. 
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The  cockle  beds  at  Ansdell  and  all  aluii>>'  this  shore 
are  prohahly  hio-hly  polluted.  In  addition  to  the 
discliar<i'e  from  a  nnniher  of  local  outfalls  the  sea  must 
be  jJolluted  from  the  water  tiowinf)^  out  of  the  liibble. 

Ansdell  :  Kesults  of  Primary  Cultures. 


Dilution. 

No.  of  Red  Colonies. 

Enteritidis  Reaction. 

I 

1 

200 

(216) 

Tv])ic;vl 

2 

6 

Tvpicnl 

"( 

3 

4 

] 
1 

No  cliaiiji'c 
No  cluuiiie 

( 

] 

2(  K » 

(150) 

Typical 

h  \ 

2 

13 

Typical 

3 

2 

No  change 

t 

4 

Storil 

c 

No  change 

ll'a/e/*  Samples  : — 

1  c.c.  cont.iiiicd    I.")  red  colonics;  ciif ci'itidis  rciictioii  absent. 

1  f-(^-  ,,  »7 

Ansokli,  :   lvKsui;i  of  Ti:i;itauv  Srn-cuLiuKios. 
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4.  L  e  a  s  0  w  e  cockle  h  e  rl . 
Two  samples  were  cdllected  from  ahout  the  same 
place — that  is,  near  liie  Wallasey  end  of  the  Leasowe 
omhaukment.  'i'liere  was  a  little  <rutter  riuiiiiiijr  seaward 
just  about  th'^  part  of  (lie  sauds  where  the  sample's  were 
collected.  Only  one  man  was  ((xkliu*;.  and  he  was 
washiiif^  the  shell-fish  in  the  water  of  this  <>-utter.  A 
sample  was  therefore  taken.  It  was  very  fresh.  The 
sauds  at  Leasowe  are  very  clean,  and  ther(>  was  no 
evidence  of  pollution. 

Leasowe  :  Restlts  of  Prbeiry  Cultures. 


Diluti 


Xo.  of  Red  Colonics. 


Eutcritidis  Reaction. 


b  ■ 


10  (3) 

Sterile 

Sterile 

5  (6) 

Sterile 

Sterile 


Typical 

Atypical 

Atypical 

Typical 

Typical 

Typical 


Water  Samfle  : — 

1  c.c.  contained  one  red  colonv 
1  c.c.  was  sterile. 


Leasowe  :   Results  of  Tertiary  Sub-cultures. 
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The     S  i  1  V  e  r  (1  a  1  e     c  o  c  k  1 


bed 


Two  samples  («  and  h)  were  taken  from  tlie  sands  near 
a  perch  situated  on  some  scar  o-round.  Hum})hrey  Head 
was  bearing;-  about  ^^.^^^  No  cocklers  were  workino-  on 
the  sands  at  the  time  when  the  shell-fish  were  sampled. 
A.  hole  was  made  in  the  sand  and  a  sample  of  water  was 
collected.  This  was  very  fresh.  Some  distance  landward 
from  the  place  where  the  cockles  were  taken  was  an 
extraordinary  growth  of  a  species  of  Enteromorphn.  The 
alg-a  was  jjrowinfif  in  larf^e  tufts  on  the  sands  and  caused 
the  latter  to  ao^^refjate  and  harden  so  as  to  form  lit  lie 
hillocks,  which  nuule  walkiuo-  ([uitc  laborious.  The 
sands  wei'c  very  (dean 


SiLVERDALE  :    RESULTS    OE   PRT^rAEV   rT'T/ITRKS. 


Dilution. 

I 

No.  of  Red  Oolonios. 

Eutovitidifl  Reaction. 

1 

a  \     2 
I      3 

J     \ 

(     3 

3.  (<i).  {•!) 

St(!rile 

Sterile 

2,  (4).  (sterile) 

Sterile 

Sterile 

Typical 

Typical 

Atypical 

Typical 

Atypical 

Atypical 

Water  Sdwplc  : — 

1  c.c.  was  sterile  ;    eiiteritidis  reaction  atypical. 


1  c.c. 


ahsinit. 
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SiLVERDALE  :    KeSULTS   OF  TeRTIARY   SuB-CULTURES. 
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G.  S  n  u  t  h  |)  ()  ]'  t  (•  n  (•  k  1  e  beds. 
Two  samples  (//  mid  h)  were  collefted  :  (<'/)  from  tlie 
sands  j\ist  East  from  Soutliport  Pier  and  [h]  from  near 
the  same  place,  but  close  to  a  small  pool  on  the  sands. 
Several  Banks  fishermen  were  co(dvlinp-  at  the  place  from 
which  the  lattei-  samples  were  taken.  The  sands  were 
very  clean,  and  there  were  no  indications  of  sewafje 
pollution. 

SouTHPORT  :  Results  of  Primary  Cultures. 


Dilution. 


No.  of  Red  Colonics. 


Knteritidis  Roactio 


h 


1 
2 

1 
(     2 


1  (steiil 
Sterile 

2  (2) 
Sterile 


T\'])ical 
No  chaiioe 
Typical 
No  chaiisie 


No  tertiary  sub-cultures  were  made. 

Conclusions     from      the      Results     o  f 

Cockle     A  n  a  1  y  s  e  s  . 

The    results    of    the    above    analyses    may    now    be 

arranged  so  as  to  express  the  relative  pollution  in  each 

locality.     For  this  purpose  the  numbers  of  red  colonies 
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ffrowinff  in  neiitral-red,  bile-salt,  lactose  agrar  are  taken 
as  tlie  indices  of  tlie  amount  oi'  pollution.  I  liave  •••iven 
tcst-icact ioii>  in  llic  cases  of  all  (lie  analyses  except  the 
last  oue,  but  in  the  ])resent  state  of  our  kuowle(l<>'e  of  the 
cultural  reactions  of  the  or<^'anisn)s  closely  allied  to 
Bdcillux  cdJi  coiininnus,  and  pending"  some  nu)re  critical 
examination  of  the  value  of  the  tests  usually  em})loyed 
than  has  yet  bt-en  atteiu})ied,  it  is  as  well  to  speak  only  of 
"  colon-like  organisms."  I'robably  we  may  reg^ard  all 
those  "'rowin<!'  on  the  medium  mentioned  as  belonoiniir  to 
this  category,  ^\•ithout,  of  coui'se,  committing  ourselves 
to  the  view  that  they  are  nec(>ssarily  of  human  intestinal 
origin.  The  following  table  gives  the  i-esults  of  these 
counts.  The  numlxus  are  "cohm-like  organisms"  per 
cockle.  In  almost  every  cas(>  the  numbers  are  averages 
deduced  fiom  the  examination,  in  du])licate,  of  20  shell- 
tish.  The  results  of  the  enteiitidis  icactions  ma\'  be 
iieglect(>d  in  the  meantime.  ll  would  a[)pear  that  there 
is  no  exact  corresjxmdence  between  the  distribution  of  the 
organisms  exhibiting  this  reaction  and  />.  en//. 

ncmrkrs   ok   "  c'olox-liivi:  "    organisms   contained   in    one 
Cockle  from    tuk  Kom.owino  Localities. 

Ansdell 1915 

Formby     272 

Leasowc    (M) 

Silverdale 28 

Kiookburgh  17 

Southport     12 

Theie  can  be  little  doubt,  I  think,  that  th(>  cockles 
fi-om  Fh)okburgh  and  Silviu'dale  are  above  reproach. 
Indeed,  one  woidd  come  to  that  conclusion  apart 
altogether  from  bacteiiological  evidence.  'I'he  Southpoit 
>liell-tish   would  appeal-  fi-oni   the  above  results  to  be  the 


SEA-FISHERIES    LABORATORY.  215 

purest  in  onr  district.  Bi;t  while  this  may  he  the  case 
with  the  cockles  taken  near  Snuthport  itself,  and 
relatively  liijo^h  np  the  foreshore,  it  may  not  he  the  case 
with  shell-tish  taken  froin  nearer  the  middle  of  ilic  IJihhle 
l^stuary.  The  cocdvles  from  Ansdell  are  nndouhtedly 
polluted,  and  this  may  be  the  case  with  the  shell-hsh  in 
various  parts  of  the  shore  adjacent  to  Lytliam,  St.  Annes, 
and  Blackpool.  Indeed,  it  is  difficult  to  see  how  the  beds 
there  can  escape  contamination.  Much  more  caution  is 
necessary  in  expressing-  an  opinion  with  regard  to  the 
cockles  from  Formby  and  Leasowe  shores.  There  is  no 
direct  evidence  of  the  transmission  of  disease  by  means  of 
the  shell-fish  from  these  places — at  least  I  know  of  none  — 
and  this  goes  far  towards  depriving  the  equivocal  bacterio- 
logical results  presented  above  of  any  significance. 
Probably  the  bacterial  contents  of  the  shell-fish  may 
represent  only  that  general  pollution  of  1he  sea  which  is 
to  be  observed  almost  everywhere  in  the  neighbourhood 
of  great  towns,  and  which  may  be  regarded  as  possessing 
no  harmful  significance  It  is,  of  course,  obvious  that 
the  construction  of  new  sewer  outfalls  at  either  of  these 
places  w(tul(l  materially  atfect  the  question  of  the  con- 
tamination of  the  shell-fish  there.  At  the  ])resent  time 
there  is  no  evidence  of  "  first-class,"  and  presumably 
dangerous  pollution. 

II.— Mussels  from  Piel  Shore. 

During  March  and  April  of  ]i)(J8  I  made  three 
analyses  of  mussels  taken  from  Piel  shore  between  the 
Life-boat  slip  and  the  old  Slagbank.  The  analyses  were 
made  for  a  particular  purjiose  and  would  have  no  special 
significance  if  it  were  not  for  the  fact  that  during  October 
and  Xovember  of  the  same  year  a  certain  amount  of 
mussel-fishing  was  practised  in  this  very  locality.     The 
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fisliinfr  resulted  from  tlie  prevalent  distress  in  Barrow 
due  to  unemplnyment,  and  tlie  mussels  were  sold  in  that 
district.  The  results  of  the  analyses  may  be  recorded 
here. 

First  samplinp',  :iOth  Maroh,  1908.  The  shell-fisli 
were  eolleeled  from  the  scar  ground  well  down  the  beach. 
The  methods  of  analysis  were  similar  to  those  to  be 
described  in  the  case  of  the  (\')nway  experiment. 

PiEL  Shore,  30th  March,   1908  :    Results  oe  Pri^fary 
Cultures. 


Mussel. 

No.  of  Red  Colonies. 

No.  of  White  Colonies. 

1 

32 

20 

2 

85  -|-  numerous  patches 

About  60 

3 

Numerous  and  fused 

Numerous  and  fused 

4 

63  ^  several  patches 

34  '{-  several  patches 

5 

88 

Several  streaks 

6 

50  +  one  large  patch 

43  +  several  patches 

7 

156 

13 

8 

22 

3 

9 

135  -f-  several  patches 

6 

10 

NiitHiM'ous  and  fused 

Numerous  and  fused 

A  11  umber  of  red  colonies  were  examined  in  pure  sub- 
cult  uic.  and  comitarative  bacterial  counts,  usint^-  ordiimry 
uutricut  apar,  wer(>  also  made.  '^Diese  results  need  uol, 
liowcvci',  be  (junicd.  Hut  it  sl'onld  be  rciiuu'kcd  thai  llie 
above  analysis  iudicates  a  cousi(leral)l(^  defri'oe  of  poll u1  ion. 
The  relatively  hu'fje  numbeis  of  wliite  (or  f  I'anslucent ) 
foloiiics  should  be  iiolcd.  for  it  is  probable  that  excess  of 
these  colonies,  •'•I'owino'  on  (Tniulmuin's  ueul lal-red  ap^ar 
medium,  is  indicative  of  recent,  and  juosumably 
potentially  dangerous  pollution. 
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PiEL   Shore,   27th   April,    1908 :    Results   of   Primary 
Cultures. 


Mussel. 


Xo.  of  Red  C'dlonie; 


Xo.  of  White  rdonics. 


1 

2 
3 
4 

1  patch 
27  +  patch 
1  -f  patch 
None 

0 
0 
0 
0 

5 

10 

0 

The  remarkable  (lift'erence  between  rlie  results  of  this 
anrl  the  last  analysis  should  be  noted.  The  saiu])]e  of 
the  2Tth  April,  1908,  was  taken  liip^h  np  the  beach,  fioiu 
the  remains  of  the  piles  of  the  old  pier. 


Piel  Shore,  1th  ^Iay.  1908  :    Results  of  Primary 
Cultures. 


Mussel. 

No.  of  Red  Colonies. 

No.  of  White  Colonies. 

I 

21 

0 

2 

14 

0 

3 

7 

0 

4 

2 

very  small  patches 

0 

5 

5 

0 

This  sample  was  taken  from  the  same  spot  as  that  of 
the  2Tth  April,  190(S.  The  bacteriological  results  resemble 
those  of  the  latter.  Considered  together,  they  show  how 
important  it. is  that  the  exact  situation  from  which  a 
sample  is  taken  should  be  noted, 
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III.— Experiments    on    the    Purification    of    Polluted 
Mussels. 

A  series  of  experiments  were  made  during  1908  witli 
the  nhjert  of  ascertairiino'  tjip  mnditions  under  wliioli 
polluied  mussels  mifjlit  he  expeeied  tn  cleanse  themselves 
when  placed  in  unpolluted  water.  On  June  ord  I  met 
Mr.  Iioherts,  an  Inspector  of  the  Fishmongers'  Company, 
and  we  visited  the  Estuary  of  the  Conway  Eiver.  The 
possihility  of  dealing  with  the  polluted  shell-fish  of  that 
area  by  re-laying  them  in  the  comparatively  clean  water 
at  Ihe  mouth  of  the  Estuary  presented  itself  as  the  only 
way  out  of  the  apparent  impax.^f,  which  has  resulted  from 
the  complaints  made  as  to  tlie  condition  of  the  shell-tish 
takeii  from  the  river.  The  idea  is,  of  course,  no  new  one, 
and  a  long  series  of  experiments  made  by  Professor  Klein, 
for  the  Fishmongers'  Coni])any,  seem  to  make  it  certain 
that  an  oysler  or  mussel  will  evacuate  the  greater  numher 
of  sewage  organisms  contained  in  it,  if  it  be  placed  for 
several  days  in  quite  clean  sea-water.  Nevertheless,  it 
appeared  very  desirable  to  make  experiments  in  the 
hjcality  itself.  A  ])lacc  at  ihc  entrance  to  the  ]*]stuary,  on 
the  Moria  lieacli.  and  almut  S.E.  fi'om  tlie  Perch,  Avas 
selected  l)y  ns.  and  1  iodk  ^.inipK-s  of  \v;itei'  fi'om  a  ])ool  on 
tlie  fo!  ('shore  ;il)onl  lialf-way  up  the  Ix^acli,  and  also 
sani])les  (if  walei'  I'loni  llic  i-liannel  nnniediately  adjacent. 
It  s(>eins  |)i(tb;il)h'  ilia'  the  \\aler  covering  t])is  part  of  tlie 
foi'esliore  lioiii  ;il)(Mii  half-Hood,  oi-  half-el)b,  to  higli  water 
wonid  III'  un  [)oi  I  nii'il .  oi-  at  |."ast  wouhl  I)e  no  more  polluted 
than  tlie  sea  generally  ahmg  this  coast — a  degree  of 
fonTinninai  i(ui  which  has,  prol);ibly,  no  dangerous  signifi- 
cance. On  the  oilier  hand,  the  \v;iter  in  the  CliaiHKd 
dining  the  last  of  the  ebb  would  be  expected  to  be 
pollnted  to  a  nnudi  grenlei'  extent,  for  it  would  contain 
ihe  diiiinage  into  tlu,'  iij)per  ])ait  ot  the  I'^stuary,  TIn'cc; 
water  sa mules  were  therefore  taken: — - 
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I.     From  a  [)ou\  on  the  M(jrfa  ])eacli,  well  up  llic 
foreshore,    in   Hue   witli   Xo.   Ti   IJed    Jkioy   on 
Great  Ornie's  Head. 
II.     From   the   Channel   as  near  as  po.>sil)h'  to  the 
place  where  sample  Xo.  1  was  taken. 
III.      Fr(nn  the  Channel  further  up  the  I^sluaiy  and 
nearly  o])posite  the  Perrh. 
Xine  plates  were  made,  nsing-  1  v.c.  of  water  in  eac  h  case, 
and  the  results  arc  as  follows:    - 

Conway   Estuary  :     Xi'mbrrs   ok   "  Colon-likk  "    Bacteria 

PER    f'.C. 

Sample    I — Sterile,  (sterile),  (sterile)  ;    average     0 
„       II-8,  (13),  (6)  „  9 

„     111-30,(15),  (13)  „  19 

each  sample  being  examined  in  tri])licate. 

There  seemed  no  donl)t  then  that  the  water  of  the 
foreshore,  well  above  h)\v  watei-  mark,  was  much  more 
pure  than  that  in  the  Fstuary  during  the  last  of  the  ebb 
tide.  A  later  sei-it^s  of  analyses  of  the  laiter  water  (2iul 
I)eeenil)er,  li)OS,  nea])  tid(\  a1  about  low  water),  based  on 
(hiplicate  deteiniinaticui^  ot  the  bactoiial  contents  of  six 
samples  collected  betwcc]!  the  Perch  and  Jienarth  Point 
(above  the  Conway  JJridges),  gave  •■)•■)  as  the  average 
numbers  of  "  colon-like  "  organisms  per  c.c.  At  the  same 
time  that  I  examined  the  water  from  Morfa  Beach,  a 
similar  analysis  was  made  by  Professor  Klein,  and  Mr.  J. 
AVrench  Towse  informs  me  that  Professor  Klein  reported 
that  the  water  was  "  quite  passable." 

It  seems  very  likely,  then,  that  the  water  covering 
this  part  of  Morfa  Beach  is  much  more  pure  than  the 
water  covering  the  mussels  in  the  Conway  Channel ;  and 
it  is  probable  that   if  decidedly   polluted   shell-fish   were 
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re-laid  on  the  former  locality  they  would  be  under 
eoiiditions  enahlino-  them  to  cleanse  themselves.  An 
experiment  was  therefore  arranged  in  November  of  19()S. 
A  quantity  of  mussels  were  raked  from  ihe  bottom  of  the 
river  ahnost  underneath  the  ]}ridp-es  (Sanijile  I):  another 
lot  were  raked  from  the  river  ([uiie  close  up  to  l)ef>'anwy 
Sewer  outfall  (Sample  II);  and  a  third  (|uantity  (Sample 
III)  were  taken  from  the  bottom  of  mid-Channel  between 
])effanwy  and  the  Pei'ch.  These  mussels  were  ]daced  in 
hsh  boxes,  each  box  bein<i'  numbered,  ;in(l  tli(>  latter  were 
then  put  down  on  liie  beach  at  Morta.  'I"he  boxes  were 
surrounded  by  ]ari>'e  stones  to  |)reveni  Ihem  from  beinsi" 
carried  away  by  any  unu-;ual  sea.  It  did  bhiw  hard 
during-  the  prog-ress  of  liie  ex})i'iiment,  but  the  boxes  were 
not  shifted.  A  man  was  engaged  to  "  stand  by "  the 
mussels  for  a  lortnig'ht  and  pi'event  any  interference  with 
them. 

Samples  were  taken  froin  each  box  before  re-laying-, 
and  •!()  mussels  in  all  wei-e  examined  individually.  About 
t)"l  c.c.  of  the  stomacii  juices  (this  is  often  as  much  as  can 
be  obtained)  was  takiMi  from  each  mussel  and  ])lal(Ml  on 
Grriinbaum's  neulrd-red  agar  nu'dium.  The  number  of 
red  colonies  was  counted  after  20  hours"  incubation  at 
42°  ('.  It  was  dilHcult.  in  some  plates,  to  make  a  piecise 
estimation  of  the  numbers  ni  cohmies  present,  (mi  account 
of  their  abundance,  which  led  to  fusion.  It  \\(iuld  have 
been  better  to  adopt  llouston's  method,  but  it  was  desired 
to  investigfate  the  individual,  rather  than  the  averaj^e 
pollutnui.      The  rounded    nuinlxM'S  are  estimated. 
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Conway  Purification  Experiment  :  Mussels  before  Relaying 

ON  MoRFA  Beach  :  Numbers  of  "  Colon-like  "  Bacteria 

Present  per  0*1  c.c.  of  Stomach  Juices. 


Mussel. 

No.  of  Red  Colonies. 

No.  of  White  Colonies. 

1 

Nuiuerous  aiul  fused 

2 

About  300 

— 

3 

About  -too 

— 

Sample  I 

i. 

About  200 

— . 

5 

128 

6 

From  near 

6 

Numerous  and  fused 

— 

Conway 

7 

Numerous  and  fused 

— 

Bridges 

8 

35 

— 

9 

150 

— 

L   10 

About  300 

2 

r  11 


151 


12 

300 

13 

About  400 

14 

200 

Sample  II 

15 

108 

16 

Numerous  and  fused 

From  near 

17 

250 

Deganwy 

18 

240 

Sewer 

19 

4-300 

Outfall 


20        Numerous  and  fused 


No   white  colonies 
on  any  plate 


Sample  III 
From 
between 
Deganwy 

and  Perch 


21 
22 
23 
24 
25 


-250 

124 

150 

300 

36 


No  white  colonies 
on  any  plate 


.Tudpjing  from  my  experience  oi  prevL/us  analyses  of 
mussels  from  the  Conwa}'  Estviaiy,  1  should  say  these 
shell-fish  were  polluted  to  a  remarkable  degree. 

The  samples  referred  to  aboye  were  relaid  on  Morfa 
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Beacli  at  low  water  of  a  neap  tide,  about  noon  on  ITtli 
Xovember,  1908.  On  21st  Novemher,  1908,  the  first 
samples  after  relayinj>'  were  collected.  They  were  taken 
early  in  the  morning-  (4  to  o  a.m.)  and  weie  delivered  at 
the  laboratory  about  11  a.m.,  and  were  analysed  at 
12  nocn.      I'lie  results  are  showji  in  the  followinc'  table  :  — 


Conway    Purification    Experiment  :    Mussels    Relaid    for 

Four  Days  on  Morfa  Beach  :    Nos.  of  "  Colon-like  " 

Organisms  pf:r  0-1  c.c.  of  Stomach  Juices. 


^hissel. 

No.  of  Red  Colonies. 

No.  of  Whife  Colonies. 

1 

53 

2 

250 

Sample  I 

3 

Sterile 

No  white  colonies 

1 

3() 

on  any  plate 

5 

About  200 

.     6 

9  (and  not  characteristic 
B.  coli  colonies) 

"     7 

4(»  (and  not   clnu-acter- 
istic  B.  co^/ colonies) 

8 

'.»  (and  not  characteristic 

Sample  IT 

B.  coll  colonics) 

No  white  colonies 

<» 

K) 

on  any  plate 

10 

Stcrihi 

11 

75 

1- 

Al)out   100 

13 

NuuKu-ous  and   fused  ; 
no  change 

14 

17 

15 

150  (l)iit  many  wci'c  not 

Samplk  III  • 

cliara(  t<'ris1  ic  B.  coli. 

No  white  colonies 

colonics) 

on  any  plate 

u; 

1  (not  charncf  eristic) 

17 

100 

.   18 

Sterile 
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(hi  25tli  Xovsmber  further  samples  were  collected 
and  brougrht  to'  the  laboratory.  As  before,  they  ^Yere 
aiialy.sed  a  few  hours  after  collection.  They  had  been 
relaid  for  eig-ht  days.  The  results  of  analysis  are  shown 
in  the  following?  table  :  — 

Conway  Purification  Experiment  :  Mussels  Relaid  on  Morfa 

Beach  for  Eight  Day's  :  Xos.  of  "  Colon-like  "  Bacteria 

PER  0-1  c.c.  OF  .Stomach  Juices. 


Mussel. 

No. 

of  Red  Colonies. 

Xo.  of  White  Colonies. 

i 

1 

1 

250 

1 

1 

2 

40 

No  white  colonies 

Sample  I     -! 

3 
4 
5 

50 

1 
10 

on  any  plate 

6 

Numerous 

and 

fused  ; 

no 

change 

50 


9        Numerous  and   fused  ;      No  white  colonies 
Sample  II    -:  no  change  on  auY  plate 

10  4 

11  I  20 

12  250 


^  13 

10 

14 

200 

Sample  III 

15 

50 

No  white  colonies 

" 

16 

50 

on  any  plate 

17 

30 

18 

Numerous  and  fused  ; 

L 

no  change 
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On  -ird  December,  IDOcS,  the  experiment  wus  brouj^-lit 
to  an  end,  wlieu  I  collected  a  sample  from  eacli  box 
myself.  The  sliell-fisli  were  taken  at  noon,  -h'd  December, 
1908,  were  stored  in  sterile  tins,  packed  round  with  ice, 
from  G  p.m.  to  11  a.m.  on  tlie  followino-  iuornin(>',  wlieu 
tbey  were  analysed.     The  results  are:  — 

Conway    Quarantine    Experiment  :     Mussels    Relaid    for 

Sixteen  Days  on  Morfa  Beach  :  Nos.  of  "  Colon-like  " 

Bacteria  per  0-1  c.c.  of  Stomach  Juices. 


:\ru.ssel. 

No.  of  Rt'd  ('ok)iiit's. 

No.  of  Wliile  Culoiiies, 

] 

7 

•) 

10 

Sample  I 

3 

9 

No  white  colonies 

4 

120 

on  any  plate 

5 

250 

.     (3 

7 

/      " 

120 

8 

120 

Sampm:  II 

9 

40 

No  white  colonics 

10 

100 

on  anv  plate 

1     " 

Sterile 

'     12 

(■)(» 

i;} 

Numerous   and 

fused  ; 

no  change 

14 

Numerous  and 
no  change 

fused  ; 

Sample  III  . 

15 

25 

IC) 

About  250 

17 

8 

18 

150 

No  white  colonies 
on  any  plate 
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]S[ow,  reviewiuo-  the  results  of  these  experiments  Me 
find  that  in  the  orifyinal  sample  (that  is,  in  the  mussels 
before  relayinff  in  relatively  pure  water)  there  Avere  larg-e 
numbers  of  colon-like  bacteria  five  of  these  mussels 
contained  sf)  many  that  countino-  was  ini])ossible,  and  the 
averap-e  (round)  number  of  colonies  on  the  rest  of  the 
plates  was  'JOO.  In  the  first  samph',  taken  after  four  days' 
quarantine,  five  mussels  had  undergone  no  cleansinp',  l)ut 
three  were  sterile  (to  the  nicdinni  em])loye(l),  and, 
omitting'  the  five  tliat  had  undergone  no  change,  we  find 
that  the  average  number  of  colon-like  bacteria  isolated 
from  the  mussels  examiu(>d  was  about  40.  The  second 
sample,  takeii  after  eipht  days  of  quarantine,  contained 
six  mussels  that  had  undergone  no  chanp-e,  but  tlie 
avei'ap'e  numbers  of  colon-like  bacteria  isolated  from  the 
remainder  was  about  •'!().  The  third  sample,  taken  after 
10  days'  quarantine  contained  four  mussels  which  had 
not  cleansed  themselves,  and  the  remainder  gave  an 
average  test  count  of  55  colon-like  bacteria. 

We  find,  then,  that  a  decided  reduction  in  the 
numbers  of  bacteria,  behniging  to  the  BacUlus  coli  group, 
took  place  in  these  mussels  after  relaying  in  relatively 
unpolluted  water.  In  some  cases  the  reduction  amounted 
to  total  disappearance;  that  is,  some  of  the  relaid  mussels 
in  each  sample  must  be  regarded  as  practically  free  from 
sewage  bacteria.  This  is  certainly  the  report  which  I 
would  have  made  with  rc^gard  to  mussels  G,  S,  10,  Ki,  and 
18  in  the  sample  taken  after  four  days ;  in  mussels  4,  5, 
10,  and  13  in  the  sample  taken  after  eight  days;  and  in 
mussels  1,  2,  3,  6,  11  and  17,  in  the  sample  taken  after  Ki 
days.  The  original  sample,  taken  before  the  beginning 
of  the  quarantine  period,  contained  no  mussels  that 
could  be  regarded  as  practically  free  from  pollution. 
Mussels  8  and  25  were  not  very  seriously  polluted,  but 
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all  tlie  rest — T-)  out  of  25  were  polluted  to  a  remarkable 
extent.  It  should  be  noted,  also,  tliat  only  in  tliis 
original,  untreated,  sample  did  the  significant  white 
colonies  occur. 

The  fact  that  a  small  proportion  of  the  mussels  dealt 
with  did  not  cleanse  themselves  to  an  appreciable  extent 
is  to  be  attributed  to  the  defects  of  the  experiment.  The 
latter  was  carried  out  rather  rouglily.  If,  instead  of 
laying  down  the  slicll-Hsli  on  Ihe  IxMch,  they  had  been 
placed  m  large  tanks,  so  as  io  eiisinc  an  eCt'eclive  circula- 
tion of  A\atei-,  llie  resulls  would  have  Ix'cn  ])cile]'. 

As  already  siaied,  all  Ihe  {(incl  nsi(»ns  staled  here  have 
already  beeii  made  by  Klein  ii<  his  expeiimenis  jnade  ior 
the  Fishmongeis"  ('om])any,  and  we  have  only  attempted 
to  verify  the  results  ot  those  experiment  (\\liicli  were 
nmde  under  laboratoi'v  comlilions)  in  tlu>  case  of 
experiments  condiu-ted  in  ihe  o])en.  It  is  clear  tliat  a 
considerable  degree  (d'  cleansing  follows  when  badly 
])()lluie(l  mussels  are  relaid  in  siuh  a  siluaiion  where  they 
receive  only  the  un  polluted  water  of  Ihe  (h)od  1  ide  stream  ; 
anil  ilial  a  period  of  four  (la\'s  is  a  huig  enough  (|ua  I'antine 
]iei'io(l.  Al'ler  lour  days  lilHc  or  uo  turlher  (deausing 
lakes  phice.  The  reccun  nieiida  I  KUi  is  ol)\  lous  :  Musscds 
taken  from  su(di  highly  suspi(dous  grounds  as  Ihose  in  the 
Channel  from  the  ('(Uiway  IJridges  down  Io  below 
Ueganwy  Sewer  outfall  ought  Io  be  iidaid  high  up  on  the 
^loifa  Hca(di,  where  Ihe  only  water  thai  I'eaidu's  them  is 
that  (d'  the  fhiod-lide  oi'  Ihe  tirst  ])orlioii  ot  Ihe  (d)b-ti(le, 
and  kept  theic  for  at  least  four  days.  Idie  precise 
arrangement  and  constructio]i  of  Ihe  i'cce])la(des-— tanks, 
ponds,  cages,  &c.-- for  containing  Ihese  luussels  is  a 
matter  of  some  little  experimenl  :  no  a})parent  didiculty 
suggests  itself.  The  ex[)enses  might  be  relatively  great, 
})ut  compared  with    the  capilal   value  represeJited   by   the 
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Conway  mussel  ground,  and  -vritli  the  increased  sales 
wliicli  would  certainly  result  frt)m  the  confidence,  on  the 
part  of  the  purchaser,  that  the  mussels  bought  were  free 
from  danger,  these  expenses  would  he  inconsiderahlo. 
That  such  a  system  of  quarantining  polluted  mussels  is  at 
the  present  time  apparently  impossible  is  due  solely  to  the 
restricted  powers  possessed  by  the  authorities  concerned ; 
and  it  is  surprising  that  some  of  the  fishermen  do  not 
attempt  to  make  their  trade  much  more  lucrative  by 
putting  it  in  force  themselves. 
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THE     FILTRATION     COEFFICIENT     OF 
PLANKTON     NETS. 

By  W.  J.   Dakin,   M.Sc. 

ISU   E.vJiihitioncr.  Zoohuiij.   Tjivcrpool   I'niverRifii. 

Descriptions  of  the  methods  now  nsed  in  the  quanti- 
tative study  of  the  phinkton,  and  some  of  the  results 
(rained  by  the  application  of  such  methods  both  at  Port 
Erin  and  abroad,  have  already  appeared  on  several 
occasions  in  the  Transactions  of  the  Liverpool  Biological 
Society  and  this  series  of  Reports.  So  far,  however,  no 
account  has  been  given  of  the  methods  adopted  to  deter- 
mine from  what  actual  volume  of  water  the  catch  (fished 
l)y  a  plankton  net)  has  been  filtered. 

This  is  naturally  of  fundamental  importance,  since 
with  the  various  types  and  sizes  of  nets  now  employed  the 
volume  of  water  filtered  varies  considerably,  even  though 
they  be  pulled  for  the  same  length  of  time,  or  with  the 
same  speed.  For  this  reason,  it  would  be  impossible  to 
compare  the  abundance  of  any  form  or  the  amount  of 
plankton  present  at  two  plares  if  at  one  a  catch  was  made 
with  a  Hensen  net  and  at  tlie  other  with  a  Nansen  (taking 
these  two  examples),  unless  the  volume  or  number  of  the 
specimens  making  up  the  catch  was  reduced  in  each  case 
to  a  coiuriion  measure,  iianicly  ihc  volume  or  number  in  a 
unit  quantity  of  water.  In  short,  we  must  have  for  each 
net  a  coelficicnt  by  means  of  which  the  relation  of  the 
catch  to  tile  volume  of  water  fioni  w  liich  it  was  abstracted 
can  be  readily  determined. 

The  calculation  of  this  coetficient  is  a  somewhat 
difficult  task,  and  at  best  we  can  only  hope  for  approxi- 
mate results,  but,  on  the  other  hand,  we  must  hav«>  sonu' 
means  of  com])aring  catches  made  at  difi'erent  ])laces  a)id 
will)   diii'ereat  m'/.^  and   shape  of  nets.        As  regards  the 
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actual  fletermination  of  the  number  of  auy  species  in  tlie 
sea,  that,  as  a  solitary  fact,  has  little  scientific  impor- 
tance, and  must  not  be  taken  as  the  aim  of  quaiititative 
work.  It  is  tlie  comparison  of  daily  or  weekly  catches 
for  a  long  period  sliowing  the  seasonal  fluctuations  in 
production,  and  how  this  varies  according  as  variations 
in  the  environment  may  take  place  (even  the  relative 
"  cloudiness "  of  the  atmosphere  appearing-  to  affect 
plankton  production),  that  should  provide  a  ricli  field  for 
future  research.*  There  is,  further,  to  be  noticed,  the 
inter-relation  between  one  form  and  another,  tlie  phyto- 
plankton  and  the  zoo-plankton;  and  lastly  the  diurnal 
oscillation  from  surface  to  deep  waters,  and  vice  versa, 
must  be  determined,  and  taken  out  from  the  other  factors. 
Owing  to  the  approximate  nature  of  the  calculations,  it 
appears  to  me  that  whenever  possible,  a  standard  net 
should  be  used.  The  Hensen  and  medium  Apstein  nets 
fulfil  jiractically  all  conditions,  and  their  coefficients  have 
been  carefully  corrected,  tliough  it  will  be  seen  that  this 
is  not  sufficient,  and  an  improvement  would  be  the  calcu- 
lation of  several  coefficients  to  be  adopted  according  to 
the  various  types  of  plankton  being  fished.  The  dimen- 
sions of  the  Apstein  net  and  tlie  coefficients  are  given  at 
the  end  of  this  paper. 

The  following  is  ;i  summary  of  tlie  theoretic;)!  metliod 
of  determining  the  coefHcient  which  was  employed  by 
Hensen.  t  The  filtration  experiments  are  too  compli- 
cated to  be  of  general  use,  but  by  means  of  the  resulting 
tables  and  the  formulae,  the  method  could  be  applied  to 
other  nets,  though  to  my  mind  the  empirical  methods  lo 
be  discussed  later  are  more  s:)tisfactorv. 

*Kofoid.     BuU.  Illinois  State  Laborafun/,  Vol.  YI.  1903,  Art.  II, 
p.  483. 

+  Hensen.     Methodik.   Krqclmiasc   dry   l^lanl.ton   Expedition  der 
Humboldt- Sti/titin/,  Bel.  I,  B.  1895. 
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It  is  obvinus  that  tlie  quantity  of  water  passing 
tliroiigli  a  ling  tliat  is  hauled  from  a  given  depth  at  a 
given  speed,  is  greater  tlian  the  volume  that  would  pass 
through  the  same  I'ing  under  similar  conditions  if  a  net 
were  attacliiMl  to  it.  Further,  tlie  volume  will  be  depen- 
dent on  the  following  factors:  (1)  Shape  of  net;  {2}  Area 
of  filtering  tissue  ;  (-3)  Nature  of  filtering  tissue  ;  (4)  Area 
of  opening ;   (5)  Speed  of  pull. 

The  first  problem  to  be  tackled  is  the  determination 
of  the  quantitv  of  water  that  would  pass  through  a  unit 
area  of  any  given  quality  of  silk  (Miillergaze— -the  best 
net  material)  i]i  unit  time,  under  diH'erent  pressures. 

It  must  be  observed  tiiat  this  determi]iation  (tf  the 
filtration  capacity  of  Miillergaze  must  be  made  under 
water;  the  filtration  must  not  take  place  in  air  or  other- 
wise the  results  cannot  hv  a|)|)licd  to  tlie  nets  wliicli  are, 
of  course,  submerged   wlien    in   action. 

In  Hensen's  experiments  (see  Taf.  Y,  /oc.  c/f.)  ficsh 
water  was  led  from  a  reservoir  to  a  (deaning  apparatus, 
consisting  of  a  filter  box  made  u]>  of  two  halves  of  brass 
separated  l)y  a  ])iece  of  No.  'JO  Miillci'gaze.  Small 
openings  in  each  lialf  icndcicd  it  possible  to  remove^  any 
ail'  which  collected  al  the  siirtaces  of  the  silk.  Fi'om  tliis 
tilfei'.  a  tnb(>  conducted  the  \\alei-  to  a  stiong  glass 
spherical  vessel,  the  opening  of  the  tube  into  tlie  vessel 
being  guaided  rdso  l)y  Mi'il  lei'gaze.  This  vessel  held  a 
certain  ;iiiiount  of  air  in  order  lo  reduce  jerks  in  the  water 
pressui'e. 

From  it.  another  tube  conducted  the  water  tlirough 
a  T-egulating  cock  which  iiliowed  the  experimenter  to 
fonti'ol  and  icguhite  llie  |)ressure.  'I  he  water  passed 
from  the  regulator  to  the  actual  filtration  apparatus,  a 
})i-ass  cvlindcr  whi(di  is  ]>ernianently  closed  at  one  end, 
and   wliic-h  has  a  cii-culai'  oj)ening  at   the  other,   so  coji- 
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structed  that  a  piece  of  the  silk  to  be  tested  can  be  hxed 
over  it  in  such  a  way  as  to  prevent  any  water  leaving, 
except  through  this  tissue. 

The  tube  conducting  the  water  to  this  cylinder 
opened  into  one  side  near  the  closed  end.  Another  tube 
opening  also  into  the  side,  but  nearer  the  open  end, 
placed  it  in  communication  with  a  mercury  manometer, 
by  means  of  which  the  pressure  of  water  in  the  cylinder 
(representing  the  pre-sure  under  which  filtration  was 
taking  place),  could  be  recorded.  The  whole  cylinder 
with  its  connections  to  water  supply  and  manometer,  was 
immersed  comjaletely  in  water  in  a  rectangular  reservoir, 
for  reasons  stated  nbove.  This  reservoir  was  supj)orted 
on  a  table,  the  top  of  which  had  the  form  of  a  trough, 
so  that  anv  water  flowin"-  over  the  edges  of  the  reservoir 
was  collected  by  it.  A  sliort  tube  allowed  this  water  to 
run  out  of  the  table  tiough  so  that  it  could  be  collected 
at  any  time  in  a  Hask  kept  under  the  tube,  but  which  had 
its  mouth  guarded  by  an  inverted  evaporating  basin 
placed  over  it. 

Precautions  must  be  taken  to  allow  of  easy  removal 
of  any  air  wliicli  generally  collects  in  various  parts  of 
the  apparatus  during  the  experiment,  and  disturbs  the 
results,  and  the  opening  closed  by  the  gauze  to  be  tested 
should  be  so  constructed  that  the  end  can  be  taken  off  and 
the  gauze  cleaned  with  a  sponge  after  each  trial. 

The  procedure  is  as  follows.  Everything  being  in 
place,  the  water  is  turned  on,  the  reservoir  being  already 
filled  with  the  same  up  to  the  edges.  The  water  passes 
tlirough  the  cleaning  filter,  the  large  flask  and  the  regu- 
lating cock,  to  the  brass  cylinder  which  it  leaves  by  way 
of  the  tissue  to  be  tested,  passing  through  this  into  the 
reservoir.  Since  this  is  already  full,  a  certain  (junntity 
overflows  equal  to  the  volume  entering.  The  pressure  is 
Q 
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read  off'  iroiu  the  mauoiueler  and  cojii rolled  by  the  re<j:ii- 
lating  eocdc  until  it  remains  steady  at  the  desired  })()int. 
AVlien  constant  conditions  are  ohtaiued.  a  steady  stream 
of  water  will  be  filterino-  throuo>h  the  silk  tissue  into  the 
reservoir  and  a  steady  overHow  from  the  latter  will  be 
collected  by  the  table  trough  and  led  off  by  the  overflow 
tube.  The  water  is,  therefore,  passing  (  iit  of  the  latter 
at  tlie  same  speed  as  it  passes  through  the  area  of  silk 
closing  the  cylijider.  The  cover  of  the  collecting  flask 
is  now  quickly  removed  at  a  signal,  the  water  nrus 
steadily  into  the  flask,  and  after  a  certain  number  of 
seconds  have  elapsed  tlie  cf)ver  is  {|uickly  replaced.  'i'he 
vohime  of  water  in  the  Hask  wil]  be  ecpial  Id  tlie  anunini 
which  passed  through  tlie  area  of  silk  taken  (hiring  ili(> 
number  of  seconds  the  flask  was  uncovered,  and  al  the 
pressure  recorded. 

Two  tables  giving  the  quantity  of  water  filtering 
through  1  sq.  centimetre  of  Miillorgaze  (various  grades) 
in  one  second,  at  various  pressures,  were  drawn  u})  by 
Hensen,  and  appear  in  his  Methodik  on  pages  8(1  and  1)4. 
They  will  l)e  a[)[)lied  in  the  way  to  be  subse(|uently  shown. 

If  a  ring  with  no  nvi  attached  to  it  were  pulled 
through  the  water,  the  quantity  of  water  j)assing  through 
the  ring  \\()uhl  be  ('(lual  (o  Our,  where  ^-^--area  of  (qx'ii- 
iiig,  ;(  =  number  of  seconds  the  pull  lasts  and  r==speed  in 
centimetres  per  second. 

The  speed  of  outflow  of  licpiids  Ihicugh  an  o])ening 
can  be  calculated  from  the  Toi-ricdlian  llieoicm.  and  by 
the  application  of  this  Hensen  concludes  that — 

»  =  J  [1] 

where  .s  — t  he    jucssure    e(|iii\al('nl    lo    tlie    s[)ee(l,    r    -speed 

of  pull  and  y    .acccderalioii  of  gravi ly  —  ;)8()'9  centimetres. 

As  soon  as  a  net  is  hung  <ui   to  the  ring,   the  simple 
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(•(in(liti(jiis  oiv(«n  above  iiu  loji<4'(.'r  })ievail.  for  tlie  net 
introduces  a  resistauce,  under  tlie  action  of  which  part 
of  the  Avater  before  the  opening  is  pus|^ed  away  to  one 
side.  This  pressure  c/,  which  resists  the  entrance  of  the 
water,  has  now  to  be  found. 

It  is  obvious  that  the  same  quantity  of  watel'  passes 
lhrouji;'h  tlie  entrance  to  the  net,  as  filters  out  tliroTif^h  the 
net  walls,  a  constant  speed  of  pull  beinp^  assumed.  It 
may  be  expressed  shortly  as — Inflow  =  Outflow. 

Xow,  if  a  pressure  d  occurs  in  the  net  02)enino\   tin; 

inti(jw  per  second  will  no  lonyer  be  ()v{h\  where  v  denotes 

speed   of    pull    to    whicii    by  e([uati(m    [1]    the    pressure    s 

belongs  and  (-'^area  of  mouth  opening',  but  will  now  be 

Ovs-d)  [2]. 

It  assumes,  however,  that  one  important  coiidi- 
lion  has  been  fulKlled,  namely,  that  the  resistant 
pressui:e  (/  is  uniform  all  over  the  ]iet  as  well  as  at  the 
entrance,  and  tins  will  be  shown  later  to  be  incorrect. 
Taking  the  cylindrical  net  first  as  an  example,  the  outflow 
must  be  Xii-{d)  where  X  =  filtering  area  of  net  in  sq. 
centimetres,  and  »-=:the  qvmntity  of  filtrate  per  sq. 
centimetre  at  the  pressure  (/. 

The  equation  now  for  inflow  and  outflow  is — 

Ov(s-d)  =  Xw{d)  [3] 

Inflow.  Outflow. 

In  this  equation  0,  X ,  x  and  v  are  known  and  d  and 
//•  are  dependent  on  one  another,  and  have  been  calculated 
by  the  filtration  experiments  described  above.  The 
following  example  shows  how  these  tables  and  the 
formulae  ar^  applied  to  calculate  the  coefficient  for  a 
cylindrical  net.  The  opening  has  an  area  of  6117  sq. 
centimetres,  the  area  of  filtering  silk  is  in  the  same  j^ro- 
portion  to  the  opening  area  as  1 :  0'00124,  the  silk  is 
Xo.    20    Miillergaze,    and    speed    of    pull  =  53o    cm.    ner 
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second.       iV  iu  equation  [-Jj  must  be  bioug'lii  over  to  tlie 
other  side  so  that  it  runs — 

•    ^•(^-?)-^=..K,  [4] 

d,  (V ,  d"  .  .  .  are  trial  values  tor  '/,  wliich  are  subbtituted 
until  the  equation  agrees. 

2 

I^y  [1]'  '*>■  ==  o  •  andr  in  this  example  =  53"5 

ro-r'l 

hence  s  =  — -     =  log.  585-  —  log.  'Iq 

=  log.  58*5'-         8"45671 
log.  2//  8-29265 

log.  s  0-1H406 

s  =  1-451* 

For  the  ih-st    trial  value  for  (/,  take  O'll-J.       Then 

s  -  d  -  1-459  -  0020  ^  1-489. 
It  is  now  necessar}'  to  hiul  r  corri'sponding  to  this  acu- 
pressure s  -  d. 

Again  from  [1]  r-(;it  press,  s)  =  s  x  2g 

hence  r-(at  s-d)  =  (s  — '/)  X  2^*7 

.s  -  d^  1-489  =  log.  0-15806 
log.  2//  =  8-292C)5 

.-.  log.  f2  =  8-45071 

log.  r   =  l-7258li 

A})ply  this  in  i^juation  [1] — 

log.  r{s-d)  ^^    r'(258G 

In.r.  ()  ^  0-78866 


/.log.  r(s-d).0     =  2-51402 
log.  A'  =  8-()9(i88 


Hence  log.  ir(d')  =  0-81719  -  2 

-=  ()-o(;5(;4i 

Ilel'ereiicc  lo   llic  ex  ixTimi'iiial    hiblcs  sIkiws  llial  al   a 
d    oi    U-U2    the    if- U()(jlb44.         \'>)     the    above    equatioji, 
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however,  it  comes  out  to  00()5(l4-i,  so  that  the  fl ,  taken  as 
trial  value  (0'02),  was  evidently  too  small.  The  difference 
(0-001)  between  0-0()4044  and  0-065644  corresponds  to  a  d 
difference  of  0'000315o.  Hence  the  new  trial  value  of 
d  \9,:  — 

0-020000  (originally  taken) 

0-000B153 


d  =  00203 153 

This  is  applied  exactly  as  d  in  the  previous  calcula- 
tion and  so  the  d  is  altered  until  both  sides  of  the  ecjuation 
finally  agree.  When  this  is  the  case  the  /•(.s-fZ„)  is  taken 
and  applied  in  the  following:  — 

\'oluine  that  would  pass  through  opening- 
ring  if  no  net  attached  __  a  —  '''^'*)  ■  ^^ 


Volume  that  would  pass  through  opening  f(s-j„).  O 

ring  when  net  attached 

0  is  the  coefficient  representing  the  fraction  which  the 
area  of  the  cross  section  of  column  of  water  actually  fished 
bears  to  the  area  of  net  mouth.       For  the  example  taken 

log.  v{s) .  O        =  2-51703 
and  log.  v{s-d„).  0=  2-51397 


Hence  log.  </>    =  0-00306  =  1-00707 

The  catch  must  be  multiplied  then  by  TOOTOT  to  give 
the  volume  in  a  column  whose  cross  sectional  area  is  that 
of  the  net  mouth.  This  reckoning  is,  however  under  the 
assumption  that  the  pressure  is  uniform  all  over  the  net. 

This  can  be  accepted  for  nets  having  a  large  filtering 
area  in  proportion  to  the  opening,  but  it  is  evident  from 
a  series  of  catches  made  by  Hensen  with  the  same  net 
and  gradually  increased  area  of  mouth  opening,  that  the 
larger  the  mouth,  the  more  incorrect  does  the  </>  become. 
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For  example — 


Area  of  opening 
sq.  centimetres. 

Speed  of  pull 
cm.  per  second. 

Volume 

surface  \v 

separate  c: 

under  square  metre  of 
ater  calculated  from  the 
tches  by  the  theoretically 
determined  (k 

6-1 

53 

284 

12-6 

47-9 

262 

24-4 

55-2 

234 

45-7 

54-3 

190  (0 

90-2 

52-7 

189 

367-7 

53-6 

184 

12260 

51-9 

189 

Thus  the  coefficient  (f>  is  not  sufficiently  yTeat  to 
cover  the  loss  iii  catches  made  witli  wide  luoiillied  nets. 
Since  the  pressure  s  used  and  deteiniined  in  tiie  leidvonino- 
is  correct,  something  must  be  wrono;  with  tlie  pressure  (/, 
and  that  is  the  assumptiou,  made  at  the  hen-inning',  that 
it  was  luiiform  all  over  the  net.  As  a  matter  of  fact  in 
a  plankton  net  the  filtration  pressure  varies  and  just  as 
at  the  proximal  edo'c  only  ;i  jyortion  oi'  the  water  is 
filtered,  so  at  the  following-  /ones  only  a  ])oition  of  the 
residue  is  filtered,  until,  finally,  at  the  apex  of  a  long-  iiet, 
only  a  minimal  quantity  of  water  ])asses  througfi.  This 
fact  is  of  great  importance  in  tlu>  ])iacti(al  em[)loyment 
of  the  net  because  too  often  the  ujjper  parts  of  the  net 
(especially  under  the  large  ring  of'  the  conical  head-piece 
in  the  Ileusen  nets)  ai'e  insufhcu  iifly  washed  down  and 
a  large  qmmlitv  (d'  phmldon  caught  licrc  whei-e  filliation 
is  greatest,  is  left  adhering  to  tiie  silk.  liensen 
attempted  to  calculate  out  theoretically,  therefore,  the 
correction  necessary  for  this  variation.  I)ut  this  is 
a(  tended  with  many  difficulties,  and  is  best  done 
em])iricall\  in  the  following  way.  This  ap])lies  also  foi- 
t'lie  conical   nri   to  l)e  refei'i'ed   fo  >lioitly.      Determine  first 
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the  (j)  for  the  net,  with,  liowever,  a  narrow  mouth  instead 
of  its  normal  wider  one.  Havino-  found  tliis,  a  series  of 
catches  are  made  uiuh^r  good  weatlier  conditions  with  the 
same  net,  first  witli  the  narrow  mouth  and  then  with  tlie 
wider  moutli.  If  now  the  average  volume  of  catch  with 
the  narrow  moutli  is  reduced  to  the  volume  under  the 
square  metre  of  surface,  by  application  of  the  coethcient 
(f>,  it  is  eas}'  to  find  what  coefficient  is  necessary,  to  hring 
the  actual  observed  volume  caught  by  the  wide  mouthed 
net,  up  to  the  same  volume  under  the  sq.  metre.  The 
new  coefficient  corrected  for  the  variation  due  to  pressure 
(/,  is  termed  yjr. 

This  implies,  of  course,  a  uniform  distribution  in  the 
water  whilst  the  series  of  catches  was  made. 

For  coni(nil  nets  the  procediire  is  practically  the 
same,  though  the  formulae  are  somewhat  different.  If  a 
firm  plate  is  pulled  through  the  water  with  the  surface 
perpendiculai  to  the  direction  of  pull,  there  will  be  a 
pressiire  from  before  and  a  inxll  from  behind  which,  added 
together,  cause  a  tendency  to  bend.  If  the  plate  is 
funnel-shaped,  the  pulling  force  -  is  divided  into  two 
components  (parallelogram  of  forces),  one,  z  cos  a  is 
applied  in  the  direction  of  the  funnel  wall  and  the  other, 
z  sin  a  is  applied  perpendicular  to  it.  The  apical  angle  in 
the  funnel  is  2a. 

The  conical  net  exhibits  such  a  funnel,  except  that 
its  walls  are  permeable.  Hie  pressure  d  is  assumed  as 
before  to  be  uniform  all  over  the  net,  the  correction  for 
this  to  be  made  approximately  or  empirically  as  described 
above. 

Now,  it  v{s)  is  the  speed  at  which  the  net  is  hauled, 
the  pull  component  on  the  outer  net  wall  is  not  s.?>in.a 
because  under  the  infiuence  of  the  pressure  (/  the  current 
iv{d)  streams  oui  of  the  jiet,  and  this  is  accelerated  by  this 
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pull.  Hensen  takes  this  pull  component  afoordingly  as 
d  sin  a,  and  finds  that  the  reckoninj^  can  then  be  satis- 
factorily carried  out  which  is  not  possible  with  s.  sin  a. 

The  net  consists  of  a  conical  parr,  whose  filterine; 
area  is  C,  and  a  cy]indi'!(  al  bucket  whose  filtering:  area 
is  E.      The  equation  runs 

V(s-a)  .  (>  =  EW{(1)  +  C?f[(l+sinaWj 

If  E  is  multiplied  by  cos  a  and  the  product  added  to 
C,  one  obtains  N  =  C  +  E  cos  «  with  only  a  very  unim- 
portant error,  as  conical  area  for  the  whole  of  the  filtering- 
tissue  and  the  final  equation  becomes — 

r(s-d)  .  O  =  A'  .  W'[(l  +  sin  a)f?] 

This  is  applied  in  the  same  way  as  the  equation  for 
the  cylindrical  net,  trial  values  of  <f  being  taken  until 
1)01  li  sides  agree. 

Such  was  the  theoretical  method  employed  by 
Hensen.  It  is  certainly  extremely  ingenious,  but  at  the 
same  time  very  laborious,  aud  finally,  as  Hensen  himself 
shows,  the  coefficient  0  is  only  approximately  coirect, 
and  must  be  corrected  empirically. 

It  is  far  better,  therefore,  that  the  whole  calculation 
be  made  empirically,  if  possible,  and  this  is  both  easy 
and  reliable,  that  is,  of  course,  in  comparison  with  the 
theoretical  method  that  has  been  described,  which  I  feel 
to  be  unsatisfactory.  Certain  points,  however,  remain 
to  be  considered.  It  appeai-s  that  the  coefficient  of 
filtration  for  a  net  can  and  df^es  vary  within  rather  too 
wide  limits.  This  has  been  emphasised  by  Knfoid,  who 
pointed  out  that  the  stoppage  due  lo  deposits  ot  !)igaiiisms 
clogging  the  meshes  altered  c(ui^i(lcral)ly  the  coeffiiient. 
This  can  take  place  very  easily  in  the  sea  when  using 
No.  20  silk'.  ;in(l  the  catches  are  made  at  times  in  spring 
or  autumn  when  diatoms  ai-e  veiy  ubundanl.       in   lro|)i(al 
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seas  this  may  also  or-riir,  and  Professor  Ivofoid  has  drawn 
my  attention  to  the  fact  that  even  at  the  equator  a  heavy 
diatom  pLankion  nu\\  sometimes  be  encountered.  Tlius, 
in  the  "  Albatross  "  expedition  reports'  we  find:  ''It  is 
most  interesting  to  note  the  number  of  diatoms  found  in 
this  tropical  region.  They  have  usuallv  been  considered 
as  characteristic  of  more  temperate  and  colder  regions. 
On  several  occasion?  the  surface  waters  were  greatly 
discoloured  by  their  presence."  A  radiolarian  plankton 
would  also  soon  stop  up  the  meshes,  and  this  applies  also 
to  a  plankton  containing  many  gelatinous  forms — cteno- 
phores,  etc.  This  factor  has  received  far  too  little  atten- 
tion from  the  Kiel  school.  Added  to  this  are  two  other 
features  of  some  importance.  The  difference  between  a 
new  silk  net  and  an  old  one  of  the  same  grade  silk  is 
considerable,  and  from  Kofoid's  experimentst  it  appears 
that  a  new  silk  net,  even  after  having  been  shrunk  by 
washing  and  pressing  several  times,  catches  at  least  fifty 
per  cent,  more  than  an  older  one.  Furthermore,  Hensen's 
experiments  for  the  filtration  coefficients  of  different 
grades  of  silk  were  made  with  filtered  water  which  left 
no  chance  of  comparison  with  conditions  in  seas  or  lakes. 
These  difHculties  can,  to  a  certain  extent,  be  overcome 
by  determining  empirically  the  coefficient,  and  by 
determining  separate  coefficients  for  the  same  net,  to  be 
applied  according  to  the  class  of  plankton  and  the 
quantity  present.  The  best  method  is  that  of  parallel 
catches  with  the  net  and  with  pump  and  tube.  A  series 
of  these  should  be  carried  out  in  the  different  classes  of 
plankton  likely  to  be  met  with,  and  the  coefficients  noted 
for  future  use.       The  pump  tube  must  be  carefully  raised 

*"  Reports  on  Scient.  Results  of  'Albatross'  Exped.,"  Vol.  V, 
Mem.  Mils.  Comp.  Zoology,  Harvard,  1906,  p.  14. 

t  Kofoid.     Loc.  cit.,  p.  '263, 
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and  lowered  verHcally  :i<  a  uniform  speed  tlirrmo'li  a 
certain  stratum  of  water.  Tlii'  net  is  to  Le  lianled  up 
vertically,  allowino-  no  chance  of  horizontal  towag-c, 
tlirouo-h  the  same  stratum  of  water,  the  speed  of  haul 
beino-  noted.  The  exact  volume  of  water  pumped  up  is, 
of  course,  known  ;  the  catch  can  he  abstracted  from  this 
in  two  ways.  First,  if  the  comparison  of  volume  cauo-ht 
is  to  be  the  basis  of  the  coefficient,  the  water  from  the 
pump  is  filtercMl  throuo-b  (t  net  of  the  same  material  as  the 
net  which  is  being  examined,  so  that  it  mav  abstract 
approximately  the  same  kind  of  catch  as  it  would  wlieii 
])ulled  throu<j-h  the  water.  The  ]iet  \\liich  is  bein<>'  \ised 
as  filter  must  be  iloated  on  tlie  surface  of  the  water  so 
that  the  filierinp-  area  is  subnuu'g-ed.  and  some  arranp'e- 
ment  should  be  used  to  sj)iead  th(>  water  pum])e(l  into  it, 
so  that  it  doe<  not  hit  one  ])arl  with  ioo  g-reat  a  force. 
This  filtered  calcdi  is  then  tixeil  and  centrifuged,  in  older 
to  determine  the  vohune.  'i'ii(>  catch  made  with  the  r.ci 
is  also  fixed,  centi'ifuged  and  tiie  volume  taken.  Knowino' 
now  the  volume  of  ^^■ater  which  the  filleicd  ])ump  catch 
re])resents,  it  is  easy  1o  hnd  how  niucli  waler  must  liavc 
been  filtered  by  the  net  to  have  gMven  the  volume  ot 
phinkton  caught  by  the  latter. 

Another  way  would  be  to  filtef  the  water  fiom  thi> 
pump  througfh  hardened  ])a])cr  so  that  nothing-  but  llie 
sinallesf  oi'ganisms  would  be  lost,  then  to  count,  by  the 
usual  methods,  some  oi-ganisms  in  the  call  li  whicji  occur 
uniformly  distributed  in  the  aica  \\  hei'e  tlie  experiments 
are  caiiicd  out,  ami  which  aic  caught  accurately  liv  both 
net  and  punij)  mctluxK.  Small  lornis  which  arc  lost  bv 
the  net  are  tlicicton^  cut  out.  and  e\cn  co|»c|)oda  oi' 
melazoa  whiili  swim  activ(dy  and  genei-ally  aic  vo  v 
sensitive   to  cujicnts  against    winch    thev  move,    mav   not. 
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be  eauf^ht  accurately  by  the  pump  and  tube.  LobTuann* 
states  that  with  the  speed  of  current  attained  in  the  tube 
in  his  experiments,  this  could  not  occur,  and  certainly 
the  pump  catches  of  copepoda  are  greater,  apparently, 
than  net  catches,  yet  at  the  same  time  there  must  be  an 
area  round  the  jinmp-tube  opening-  where  the  current  is 
very  slow,  and  here,  certainly,  such  animals  could  move 
away. 

Probably  the  constant  motion  of  the  titbe  up  or  down, 
diminishes  this  factor,  since  the  pump  opening  is  con- 
tinually being  brought  into  new  regions.  Species  of 
Ceratiuni  or  fish  eggs  are  reliably  caughl  by  both  methods. 
In  any  case,  these  organisms  will  be  counted  in  the  pump 
catch  filtered  by  paper,  and  also  in  the  net  catch. 
Knowing  as  before  the  volume  of  water  brought  up  by 
the  pump,  which  the  number  counted  in  the  pump  catch 
represents,  it  is  easy  to  calculate  what  volume  of  water 
was  filtered  by  the  net  to  give  the  number  of  the 
organisms  chosen  and  counted  in  the  catch  of  the  latter. 
Before  any  new  net  is  tested  as  above  described,  it  should 
be  thorouglily  washed  with  soap  and  water  and  pressed, 
l^his  causes  a  considerable  shrinkage  which  would  other- 
wise take  place  during  the  first  catches  made  with  the 
net.  A  net  should,  further,  not  be  kept  in  use  for  too  long 
a  time  unless  the  coefficient  is  again  tested,  and  whilst 
in  use  should  be  well  washed  (h)wn  after  each  catch.  On 
some  occasions  a  very  heavy  plankton  may  be  present  so 
that  the  walls  of  the  net  are  soon  covered  with  a  layer. 
AVhen  this  is  the  case  most  coefficients  will  be  disturbed, 
unless  a  net  is  used  which  has  a  very  large  filtering  area 
and  a  narrow  mouth,  and  very  short  hauls  are  made. 
Finally,  when  making  volumetric  estimations  of  the  catch 

*  Lohmami.       Wissen.     Meeresnntersncli.     Kiel     Kuviiu.,     N.F., 
Bd.  X,  Abt.,  Kiel,  1908. 
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in  the  course  of  work,  T  believe  it  will  be  better  to  ceiitri- 
inge  the  fixed  Ctitcli  for  two  iiiimites  or  so  and  then 
measure  the  volume,  as  caiiied  imt  by  Ivofoid,*  instead 
of  takino-  the  volume  after  settling-  for  tweniy-four  lioiu-s. 

Dimensions  op  Apstein  Medium  Plankton  Net. 

Diameter  of  opening,  14  cm. 

Area  of  opening,  155-3  cm. 

-p..         i.    ,    f      I     (  at  lower  ring  of  conical  head  piece,  40  cm. 

( at  bottom  where  attached  to  filtering  bucket,  G  cm. 
Length  of  side  of  conical  head  pieco,  20  cm. 
Length  of  side  of  net,  100  cm. 

The  corrected  coefficients,  -yjr,  tor  the  large  Hensen  net 
and  the  Apstein  net  are  given  by  Lohniannf  as  1.'84  and 
1"39  respectively  for  a  speed  of  pull  one  metre  in  two 
seconds. 


*  Kofoid.     Lor.  i  it.,  p.  -254. 

i  Lohmanii.      W'lsseiiscliat't.    Meeresnntersuch..   N.]'\,    Hand    VII, 
p.  17,  Kiel,  lliUli. 
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AjN'  IA'TE2sSIVE  study  OF  THE  Mxllil.NE 
PLAXKTOX  AKOL'XD  THE  SOUTH  EXl)  OF 
THE  ISLE  OF   MAN.     PART   II. 

By  W.  a.  Herdmax,  F.lt.S.,  and  Andhew  Scott,  A.L.S. 


[Introductohy  Xote. — Jhirino-  the  past  year  (190S) 
the  plankton  work  described  in  the  hist  report 
has  been  carried  out  on  very  much  the  same 
lines  as  in  1907,  with  the  double  object  (1)  of 
studying  the  distribution  of  the  plankton  as  a  whole 
and  of  its  various  constituents,  aud  (2)  of  attempting  to 
arrive  at  some  estimate  of  the  representative  value  of 
samples.  During  the  yeaj-  as  a  whole  ordinary  tow-net 
gatherings  have  been  taken  at  approxinuitely  weekly 
intervals  from  a  small  boat  in  Port  Erin  Bay,  the  practice 
being  to  make  a  traverse  of  the  bay,  across  its  middle, 
from  the  lifeboat  slip  on  the  south  side  to  the  rocks  of  the 
opposite  shore.  The  nets  used  were  ordinary  open  tow-nets 
of  14|-inch  diameter  at  the  mouth,  and  made  of  Dufour's 
Xo.  20  silk  bolting  cloth.  These  gatherings  were  fixed 
aud  bottled  by  Mr.  Chadwick  at  the  Biological  Station 
and  were  sent  periodically  to  Mr.  Andrew  Scott  for 
examination.  For  about  a  month  at  Easter  (practically 
the  month  of  April)  and  for  two  months  in  summer 
(practically  August  aud  September)  Professor  Herdman 
made  more  frequent  aud  more  extensive  collections  from 
the  yacht  "  Ladybird,""  both  in  the  bay  and  also  at  sea. 
In  this  work  he  was  assisted  at  Easter  by  Mr.  AV.  Eiddell, 
M.xV.,  of  Queen's  College,  Belfast,  and  in  summer  by  Mr. 
Harold  Drew,  B.A.,  of  Christ's  College,  Cambridge,  and 
now  Lecturer  in  Biology  at  the  Plymouth  Technical 
School.     Both  Mr.  Riddell  and  Mr.  Drew  took  part  in  the 
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preservation  and  tlie  first  pfeneral  I'xaiHiuation  of  ll7e 
saiu})les,  wliieli  were  all  sent  eventually,  like  the  rest,  to 
^Ir.  Seoit.  Tlie  larg-er  orf>-anisms,  siuli  as  IMedusae, 
>S<i(/itfa  and  J)eeapoil  larvae,  were  })icked  out  and 
eounted  at  Port  Erin  before  ineasurinw-  tlie  sample. 
From  Mr.  Scott's  numerical  estinuites  of  the  species,  and 
his  own  notes  of  the  material,  and  the  physical  coiulitions 
when  g-athered.  Professor  lieidman  has  drawn  up  the 
present  account  of  the  collections  and  the  discvission 
of  results.  These  I'esults  are  in  some  respects  so  different 
in  detail  from  those  of  the  previous  year  (1907)  that  it  has 
heen  decided  to  continue  the  work  on  the  same  lines 
diirinfj:  at  least  another  year.  Several  improvements  i]i 
method  have  heen  introduced  and  otliers  are  contem- 
plated, but  these  are  additions  rather  than  substitutions, 
in  order  that  the  results  may  be,  as  far  as  possible, 
(•om|)arable  year  by  year.  It  is  not  necessary  to  desci'ibe 
affain  the  methods  of  collection  and  of  estimation  of  the 
samples:  for  these  and  other  details,  such  as  the  positions 
of  the  observinj^  stations  (shown  in  iiy.  10),  reference 
should  be  made  to  last  years  report.] 


PLANKTON   OF   POUT   FIMN    HAY    IN    l!)(KS. 

We  shall  first  of  all  sepaiatc  the  g'atherinn-s  (ak(Mi 
across  the  bay  throughout  tlu'  year  from  those  taken  ont 
at  sea,  by  means  of  the  yacht.  These  1)ay  gatlu-riugs 
were  all  single  travei'ses,  taken  in  a  similar  manner  with 
similar  nets  (No.  20  silk),  and  are  all  15  minutes  hauls. 

We  have  155  surface  hauls  taken  a.crt)ss  Port  Erin 
liay  throughout  the  year,  from  January  4th  to  December 
:}Oth.  All  months  are  represented,  and  nearly  all  weeks, 
■lauuarv  and  Mai(  li  are  the  only  months  in  which  less 
than    hve    hauls    were     taken,    and    in    all    ihr    icmaining 
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mouths  except  Februarv,  May  and  -Tuly  the  iiuuihers 
raiig'e  from  8  in  June  and  December  to  4'2  in  October. 
During  some  parts  of  tlie  year  the  bay  observations  were 
almost  daily.  Id  the  open  sea,  however,  surface  haul.- 
were  only  taken  when  the  yacht  was  at  work,  during 
April,  August  and  September. 

In  April,  a  few  additional  hauls  were  taken  with  a 
coarser-meshed  net  (Xc.  6  '"  Double-extra  heavy  ""  silk) 
immediately  after  the  ordinary  gatherings,  for  compari- 
son. In  August  and  September  this  experiment  was 
repeated,  and  a  "  weight  ""  net  (Xo.  20)  was  also  occasion- 
ally towed  near  the  bottom.  From  September  l4tli 
onwards  to  the  end  of  the  year,  both  fine  (Xo.  20)  and 
coarse  (Xo.  6)  nets  are  used  on  each  occasion,  the  former 
in  the  traverse  from  south  to  north,  and  the  latter  on  the 
return  journey.  In  the  following  list  the  coarse  net 
ffatherinsfs  are  marked  "  c  ""  after  the  date,  and  the 
weight  ones  "  w." 

In  this  first  list  only  the  more  important  groups  of 
organisms  are  "-iven,  the  Diatoms,  the  ])inoilafjellates  and 
the  Copepoda.  Other  less  dominant  groups  a]id  separate 
genera  will  be  discussed  in  the  tables  that  follow. 

The  larger  organisms,  such  as  Medtisae,  Ctenophora, 
Sa'jitfa,  and  Decapod  larvae,  were  picked  out  and  counted 
before  the  catch  was  measured. 

Plaxktox  of  Port  Erix  Bay  ix  190.S. 

Copepoda. 

Date.  C.C.  Diatoms.     Dinodag.       Adult.  Young.  Xauplii. 

Jail  4  ...  0--5  (5,200  ToO  1.173  —  50 

7  ...  '1-75  7,950  025  1,170  —  250 

"  14  ...  0-5  11,375  300  291  225  150 

"  90  .  0-7  11, .500  225  909  75  450 

Feb  4  ...  0-5  15,550  200  394  200  300 

'  G  ...  0-7  23.925  025  724  375  1,870 

"  10  .  0-5  3,900  300  187  —  200 

"  13  ...  0-7  15,400  200  110  100  100 

"  17  ...  0-3  39,350  1,000  175  —  750 
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Mar. 


A))!'.      2 


May 


J II  lie    2 


An. 


Copepoda . 

Xntc. 

C.C. 

Diatoms. 

DiiioHag. 

Adult. 

Young. 

Nauplii. 

4 

0-7 

32,000 

300 

382 

— 

300 

11 

0-5 

13,225 

1.50 

152 

75 

1,000 

17 

3-0 

127,500 

.-)00 

3,830' 

1,.500 

15,500 

21 

30 

94,000 

2.)0 

3,126 

500 

5,000 

2 

2-5 

45.250 

200 

4,090 

3,750 

8,500 

- 

1-5 

04,750 

400 

420 

— 

2,000 

18 

4-5 

329,450 

3,100 

— 

1.250 

37,500 

14   .. 

3-5 

305,600 

1,500 

410 

1.000 

7,000 

l(i   .. 

2-5 

267,750 

1,000 

165 

500 

3,000 

17  (c.) 

5-5 

88.000 

— 

2,490 

500 

500 

17 

4-5 

226.000 

— 

370 

500 

4,000 

IS   .. 

23-5 

2()6.000 

2,500 

1,280 

1,000 

2,000 

IS    .. 

13-5 

219.300 

2,500 

580 

— 

8,000 

21) 

4-5 

360,750 

1.000 

198 

100 

3,000 

21 

13-5 

239,500 

500 

1,170 

500 

3,500 

21 

11-0 

217,750 

500 

1.095 

500 

2,500 

21 

11-0 

195,000 

— 

1 .036 

500 

3,000 

21   .. 

8-5 

287,000 

750 

1,005 

500 

4,000 

22  (c.) 

6-5 

64,750 

— 

810 

500 

500 

22 

7-0 

589.500 

— 

155 

500 

3.000 

22   .. 

8-0 

397,500 

250 

128 

750 

2,250 

22 

9-5 

460,050 

1,050 

186 

1,500 

3,750 

23  ((•.)' 

30 

70.500 

— 

82 

— 

— 

23   .. 

7-0 

674,500 

1,000 

21 

— 

— 

23   .. 

9-5 

951.000 

1,000 

610 

— 

2.000 

23   .. 

7-5 

879,000 

1,000 

286 

— 

2,000 

24   .. 

G-5 

639,000 

— 

165 

2,000 

3,000 

24   .. 

7-0 

726,700 

— 

200 

2,500 

4,000 

25  (c.) 

0-0 

97,250 

— 

1,200 

1 .000 

500 

25   .. 

7-5 

1,276,200 

— 

170 

1.50 

2,000 

25   .. 

90 

917,400 

1.10 

2,520 

2.000 

4,000 

25   .. 

8-0 

878,500 

1.50 

770 

2.000 

4,000 

27   .. 

8-5 

1,389.100 

100 

620 

I.IOO 

12,000 

2'J  (f.) 

8-0 

127,250 

— 

2.323 

3,000 

100 

2!) 

11-5 

1,775,700 

.300 

760 

500 

750 

12   .. 

3-75 

33,375 

750 

18 

— 

250 

20 

150 

2,290,000 

80.000 

146 

— 

15,000 

2()   .. 

4-5 

319,500 

(17,000 

478 

— 

1.500 

28   .. 

17-75 

2,873,150 

7,2.50 

530 

1.7.50 

4,400 

30   .. 

15-5 

2,191,250 

45,500 

l.3!»0 

875 

5,000 

2 

(v5 

1,612,500 

55,000 

1,285 

2..500 

25,000 

4 

6-25 

1,795,000 

135,000 

3,792 

10,000 

25,000 

(J 

3-25 

583,850 

48,750 

325 

— 

— 

10 

9-5 

13,2.50 

32,7.50 

4,314 

1.000 

I..500 

12   .. 

4-5 

28,125 

13,375 

2.863 

3,750 

1,000 

18   .. 

5-5 

968,375 

13.2.50 

3.333 

.500 

7,500 

25   .. 

4-0 

1.621.000 

4(),000 

1.50 

l.2.5(» 

2.500 

30  (c.) 

22-0 

3,640.500 

.50.000 

8,().50 

10,000 

4,500 

2 

3-8 

1,167,500 

137,500 

332 

— 

2,500 

7   .'.' 

10 

137,000 

18,000 

82 

— 

1,000 

14 

0-45 

13,3.50 

!l,125 

136 

— 

1,125 

21 

0-G5 

33,375 

5,725 

150 

— 

750 

27   .. 

04 

525 

1,400 

195 

62 

900 

5 

1-4 

23,700 

<)90 

1.200 

0,200 

5 

2-5 

500 

52,250 

1,470 

1,000 

20,000 
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C'opepoda. 


Date. 

C.C. 

Diatoms. 

Dinoflag. 

Adult. 

Young. 

Nauplii. 

Aug..  5  (\v.) 

1-4 



44,250 

257 

300 

3,750 

..   7   ... 

10 

1.050 

5.950 

981 

200 

5,000 

..   7   ... 

1-0 

300 

8.600 

2.035 

700 

6,800 

..   18   ... 

0-5 

3.100 

4.400 

'545 

300 

6,400 

„   26   ... 

1-4 

3.000 

8,700 

1.245 

1.800 

32,100 

„  26  (w.) 

0-6 

1.50 

1,025 

F201 

200 

1,000 

.,  28   ... 

0-1 

150 

330 

50 

60 

300 

„  28   ... 

0-5 

250 

500 

175 

50 

1,200 

..  28  (w.) 

0-3 

25 

325 

115 

50 

700 

.,  29   ... 

0-4 

25 

125 

101 

50 

450 

„  29   ... 

0-3 

70 

170 

200 

10 

900 

Sept.  14  (c.) 

20 

2.400 

100 

64,470 

21.000 

4,800 

..   14   ... 

1-5 

6.800 

1.280 

3,545 

2,400 

12.000 

.,   16  (c.) 

190 

2,100 



46.600 

30,000 

1.300 

.,   IG   ... 

0-6 

450 

200 

567 

500 

4,000 

..   17  (c.) 

100 

200 

— 

16,850 

7,500 

750 

.,   17   ... 

0-5 

600 

100 

207 

225 

3.50 

.,   21  (c.) 

1-5 

1.360 

4,000 

2,870 

2.260 

12,400 

„  21   ... 

5-5 

560 

— 

4,640 

1.120 

240 

„  22  (c.) 

4-0 

1,040 

— 

7,972 

2,000 

160 

„  22   ... 

10 

4.200 

1.950 

1.024 

500 

4,600 

.,  24  (c.) 

6-5 

400 

— - 

7.356 

1,680 

160 

„   24   ... 

1-5 

1,650 

250 

1,160 

500 

2,800 

„   25  (c.) 

50 

— 

— 

9,155 

1,920 

240 

„  25   ... 

20 

1,050 

400 

905 

1,500 

6,800 

„  28  (c.) 

4-8 

400 

— 

11,740 

2,700 

240 

„  28   ... 

0-5 

900 

200 

609 

700 

4,750 

,.  29  (c.) 

4-7 

1,200 

— 

9,961 

4,900 

1.440 

„  29   ... 

0-4 

375 

500 

231 

1.50 

980 

„  30  (c.) 

3-5 

1,280 

— 

4.609 

1,760 

240 

„  30   ... 

0-8 

1,300 

3,650 

913 

1.400 

7.700 

Oct.   1  (c.) 

40 

1,920 

— 

5,885 

3,360 

1,200 

1 

0-5 

2,150 

1,600 

727 

600 

3.750 

.,   2  (c.) 

2-5 

4.200 

— 

7,659 

5,750 

700 

„   2   ... 

10 

4,300 

1,900 

1,029 

700 

2,750 

„   3  (c.) 

1-7 

2,960 

320 

4,180 

2,560 

1.120 

3   ... 

0-75 

10,850 

850 

903 

600 

1,500 

„   5  (c.) 

1-5 

5,920 

160 

3,761 

4,000 

560 

5 

1-2 

15,250 

800 

901 

2,500 

5,000 

„   0  (c.) 

2-5 

30,400 

800 

2,650 

2,400 

6,000 

0   ... 

20 

2,750 

— 

12,560 

3,500 

500 

„   7  (c.) 

6-0 

1,700 

— 

9,000 

9,500 

300 

„   7   ... 

2-2 

22,400 

1,200 

3,365 

3,800 

14.600 

.,   8  (c.) 

9-7 

2,400 

— 

33,970 

16,000 

1,000 

8   ... 

1-8 

11,600 

500 

2.540 

5,000 

4,500 

„   9  (c.) 

50 

2.800 

200 

12,120 

7.800 

500 

9   ... 

0-4 

6,800 

550 

344 

1,500 

2,000 

„   12  (c.) 

14-5 

600 

— 

39,000 

40,000 

6,500 

„   12   ... 

10 

7,500 

1,200 

684 

1,000 

1,800 

.,   13  (c.) 

r-o; 

3,400 

1,000 

19,540 

13,400 

1,800 

„   13   ... 

3-0 

41.100 

5,400 

1.895 

1,600 

4,000 

„   14  (c.) 

10-5 

1.500 

— 

35,200 

38,500 

3,.500 

„   14   ... 

0-75 

2.450 

200 

559 

650 

750 

„   15  (a.) 

4-U 

3,600 

500 

16,480 

12,500 

2,300 

„   15   ... 

1-2 

54,350 

3,100 

527 

400 

3,000 
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Diatoms. 

Dinoflas. 

Copepoda. 

Date 

Adult. 

Younf>. 

Nauplii. 

Oct.    1() 

c.)        •^■^^ 

1.900 

J  00 

16,500 

4.500 

1,200 

„      10 

:{•() 

149.300 

2.700 

2.880 

2.100 

7.500 

„    n 

(c.)           8-() 

1.200 

240 

15.455 

2.000 

560 

„      17 

1-0 

30.500 

].400 

468 

300 

3.000 

..      19 

(c.)            2-2 

1.700 

160 

14.695 

.3.000 

560 

„      19 

0-4 

().200 

125 

285 

150 

100 

„      20 

(c.)           3-0 

1.700 

-- 

11.958 

3.000 

500 

„     20 

0-4 

2.675 

100 

457 

100 

225 

„     23 

(c.)           5-0 

400 

— 

15.060 

11,000 

1.100 

„     23 

0-3 

1.100 

— 

255 

75 

350 

.,     24 

(c.)           4-0 

600 

— 

14,240 

7.000 

200 

,,      24 

0-5 

2,245 

100 

941 

625 

725 

..      26 

(c.)           4-.1 

i.OOO 

100 

l(i.34r> 

4.500 

I.UIO 

..      26 

0-r. 

3,775 

425 

525 

325 

1.000 

.,     28 

(c.)            5-5 

5,900 

200 

15.100 

3  400 

100 

„      28 

0-75 

3,270 

120 

1.077 

550 

300 

.,     29 

(c.)            T)-;-) 

2,200 

500 

23.780 

1 1 .000 

500 

„     29 

o-7r, 

2.700 

150 

905 

990 

710 

Nov.    2 

(<•.)            40 

3.300 

19.0(15 

18.600 

300 

2 

0-8 

6,830 

390 

899 

930 

300 

"       <■' 

{.-.)            3-8 

4,500 

— 

3,760 

3.650 

150 

6 

0-2 

7.730 

570 

305 

60 

660 

„      10 

d'.)           3-9 

5.800 

— 

5,340 

3,300 

100 

„      10 

0-2 

1.670 

(iO 

160 

1.500 

1.200 

„      13 

(c.)            2-(i 

7,575 

75 

2.794 

1.400 

150 

„      13 

0-4 

6.500 

1,100 

301 

200 

1.250 

„     30 

(0.)             1-8 

5,120 

240 

4,286 

950 

160 

„     30 

01 

1.860 

390 

221 

30 

490 

Dec.     4 

(c.)            1-8 

14,500 

— 

3.925 

1,800 

300 

4 

0-1 

1,230 

510 

94 

30 

150 

„      15 

(c.)            2-3 

5,600 

100 

5.650 

1.100 

100 

„      15 

01 

210 

270 

121 

30 

()0 

„      23 

(c.)            1-9 

9,030 

— 

5,722 

1,700 

100 

„      23 

0-2 

330 

240 

261 

270 

240 

„     30 

(<•■)            3-2 

5,700 

— 

7,650 

2.500 

100 

,.      30 

0-8 

(i^athcriiij;;  accicknit 

iHv  lost). 

In  considering  the  totals  of  Iho  plankton  catches  in 
Port  lOrin  Bay  duiiiifj  1908,  we  find  that  they  are  Ioav  in 
•hnnuu'V  and  Felnuai'V,  avei'a<>-ino'  only  ()"5  (•.(•.  per  hanl. 
The  first  rise  is  o)i  March  17th,  when  the  amount  increases 
to  •)  c  c.  per  haul,  and  tlie  averages  remain  very  much  at 
that  level  until  al)on(  tin  middle  of  April,  and  then  rise 
rapidly  to  2o'5  c.c  on  April  18th.  After  that  there  is  a 
drop,  and  the  amounts  vary  aroitnd  10  c.(\  for  ahout  a 
nioutli,  ;ind  then  run  uj)  on  May  "JOlh  to  15  c.c;  on  May 
28tli,  to  IT-To  C.C.;  on  M:iy  -".Oili,  to  15-5  c.c.  TJicy  then 
drop  lo  ■\'2r)  c.c,  and  \;ny  hclwccn  llial  inid  O'O  cc  (22  cc 
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in  coarse  net  on  June  30th)  througliout  Tune.  In  July  the 
amount  drops  rapidly  to  less  than  1  c.c.  (0*4  c.c,  on  July 
27)  and  remains  low  (0*1  to  2'5  c.c.)  through  August.  The 
amount  in  September  begins  low,  but  rises  suddenly  on 
the  16th  to  19  c.c.  (in  the  coarse  net — the  increase  being 
due  mainly  to  Copepoda),  while  on  the  ITth  it  was  10  c.c, 
and  on  the  same  daj'^s  the  catch  in  the  fine  nets  was  onh' 
0'6  and  0"5  c.c.  During  the  remainder  of  the  month  the 
catch  in  the  coarse  net  averaged  about  6  c.c,  and  in  the 
fine  net  1'5  c.c  During  October  the  range  was  much  the 
same,  the  coarse  net  having  97  on  the  8th,  14*5  on  the 
12th,  and  105  c.c.  on  the  14th  and,  apart  from  these 
exceptional  hauls,  averaging  4'95  cc  ;  while  the  fine  net 
ranged  from  3  down  to  ()■•").  and  averages  1  cc  On  tlie 
whole  the  amounts  are  much  lower  in  the  second  half  of 
the  month,  and  in  November  they  become  lower  still,  the 
coarse  net  descending  from  4  c.c.  on  Xovember  2nd  to 
I'S  c.c.  on  the  SOth,  and  the  fine  from  O'S  on  the  2nd  to 
01  on  the  30tli.  Finally  in  December  the  numbers  were : 
Coarse  net      .      IS     2--]     I'd     3-2— average  =  2-3 

Fine  net 0*1     O'l     02     O'S— average  =  0-3 

These  results  are  seen  most  clearly  in  the  form  of  curves, 
so  we  give  here  (fig.  1)  the  unsmoothed  zig-zag  obtained 
by  uniting  the  values  in  cubic  centimetres  of  the 
maximum  weekly  hauls,  and  also  the  smoothed  curve  that 
passes  through  the  monthly  averages.  Af  cer  noticing  the 
enormous  maximum  in  spring  and  early  summer  (April 
to  June)  and  the  lesser  one  in  late  autumn  (September 
and  October),  the  outstanding  feature  of  these  results  is 
the  lateness  of  the  so-called  ' '  spring "  maximum  this 
year.  In  1907  (see  last  year's  Report,  pp.  105  and  173) 
the  maximum  was  reached  early  in  April,  while  this  vear 
it  is  late  in  May.  The  moderate  elevation  of  June  last 
year  is  again  present  this  year,  but  is  practically  merged 
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in   tho   late   sprincr    mnxiinum.      There   is   again    a    minor 
olevatiou    early    in    Au<i'ust    and    a    much    more    marked 

Vu:.  1. 
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maxininni  in  liie  latter  half  of  Seplcniber  and  the  fij-sl 
lialf  of  October,  which  no  donl)i  corresjionds  (o  the 
autumn  inaximum  of  1907. 


WEATHER    rOXDiriOXS. 

I  he  h)cal  phinkloii  srasoii  has  hceii  ol»viousl\-  mucJi 
later  in  li)()(S  (haii  il  was  in  1907,  ami  one  naMii'ally  ini'iis 
first  to  the  "weather"  conditions  in  seekinji'  a  cause. 
The  influences  that  might  j)ossibly  be  at  woik  are  (1)  the 
winds,  tides  and  temperatures  in  the  locality  al  (lie  time 
or  shortly  before,  and  (2)  factors  mf)re  remole  both  in 
distance  and  time,  snrh  as  thi-  physical  conditions  in  I  he 
North  Atlantic.  Let  ns  enquire  fir.st  into  <he  eharacteir, 
of  the  local  wcalhi.M'  In  190(S,  and  maki'  <\\^■]\  compaT'isons 
as  seem  j)06«i*ible  with  the  recoi'ds    fur  1907. 
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The  iNFLrKxcE  of  Prevalent  AViads. 

It  was  sliowii  long  ago  Ly  Sir  John  Murray  on  tlie 
West  Coast  of  Scotland  that  the  prevailing  winds, 
especially  if  they  blow  on  or  oif  shore  for  a  few  days  at  a 
time,  have  a  strong  effect  upon  the  temperature  and  other 
characters  of  the  water — driving  the  surface  laj'er  along, 
and  allowing  deeper  layers,  which  may  be  of  different 
character,  to  appear  on  the  surface  behind.  As  the  layers 
from  different  depths  may  be  characterised  by  different 
ty^aes  and  quantities  of  plankton,  it  is  evident  that  the 
plankton  catch  day  by  day  on  the  surface  at  one  spot  may 
be  inffuenced  by  the  direction  and  intensity  of  the  wind. 
Consequently  it  may  be  worth  enquiring  whether  any 
relation  can  be  established  between  the  varying  plankton 
catches  and  the  weather  records  at  Port  Erin. 

For  the  last  tifteen  years  weekly  forms  recording  the 
weather  have  been  filled  up  by  the  Curator  of  the 
l^iological  Station,  and  for  the  last  six  years  records  of 
the  sea  and  air  temperature  and  of  the  weather  have  been 
made  for  the  Meteorological  Office,  London.  On  these 
forms  the  direction  of  the  wind  is  entered  twice  daily,  at 
9  a.m.  and  3  p.m.,  with  such  a  rough  indication  of  the 
intensity  as  is  given  by  the  words  "  light,"'  "  fresh," 
"  strong,""  and  "  gal  ."' 

We  have  assigned  the  values  1,  2,  o  and  4  respectively 
to  these  four  terms,  and  in  distributing  the  numbers  of 
the  records  and  their  values  between  the  sixteen  points 
of  the  compass  we  get  the  results  for  the  months  of  1907 
and  1908  which  are  shown  in  the  accompanying  tables 
and  diagrams.* 

*  For  wliich  we  are  indebted  to  George  W.  Herdman,  B.Sc,  who  has 
kiudly  analysed  and  summarised  the  daily  records  and  has  constructed  the 

djy^iaius. 
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VTe  have  examined  the  records  of  the  two  last  years, 
(1)  as  these  are  the  years  in  which  the  plankton  has  been 
most  carefully  and  fully  collected  at  Port  Erin,  and  (2)  in 
order  to  have  the  results  for  a  second  year  to  compare 
with  those  of  the  one  chiefly  under  consideration. 

In  1908,  no  observations  were  recorded  -under 
E.X.E.  ;  and  the  maximum  number  (one-seventh  of  the 
total),  with  maximum  intensity  (one-seventh  of  the  total), 
were  under  W.  In  that  year  the  following'  four  aie 
markedly  stronger  than  the  rest: — ]N^.,  E.S.E.,  S.W.,  and 
M'.,  and  the  following  three  are  as  markedly  weaker:  — 
^".E.,  E.X.E.,  and  S.S.E.  In  .January  and  March  the 
records  show  wind  well  distributed  round  the  compass, 
but  February-,  April,  May,  September  and  October  show 
half  the  compass  with  almost  no  records.  The  most 
pronounced  winds  arc  the  A\'.  and  W.N.W.  in  February, 
the  W.  in  August,  the  E.S.E.  and  S.E.  in  October,  and 
the  W.  in  November. 

In  1907,  there  was  no  ])(»in(  without  any  observations, 
and  the  maxiniuiu  iiuniber  (one-sixth  of  total)  with 
maximum  intensity  (one-sixth  of  total)  were  under  W. 
The  highest  records  were  under  E.S.E.,  S.W.,  ^^^,  and 
W.N.W.,  and  the  lowest  were  under  N.E.,  E.JN^.E.,  and 
S.S.E.  .June,  August  and  September  show  halt  the 
compass  with  almost  uc  records.  The  most  pronounced 
winds  were  the  W.  in  -lanuarv,  August  and  J)ecember,  the 
W.A'.AV.  in  March,  the  E.S.E.  in  September  and  October, 
and  the  S.E.  in  December. 

Ivxamiiiation  of  the  tabh's,  or  of  the  diagrams  for  tlio 
two  years  1907  and  190(S  taken  together,  shows  that  there 
are  four  points— E.N. E.,  S.S.E.,  W.S.W.,  and  N.N.W. 
which  are  Aveak  in  intensity  as  well  as  in  number  of 
observations,  and  that  consecjuently  the  year's  wind 
appeals  naturally  to  be  divided  into  four  blocks  separated 
by  these  weak  points  (see  figs.  2  and  o) :  — 
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(1)  There  are  the  north-easterly  winds,  the  due  north 
being  both  the  most  frequent  and  most  intense.  This 
is  most  marked  in  April  and  'July. 

(2)  There  are  the  south-easterly  winds,  the  E.S.E. 
and  S.E.  being  the  most  important.  Their  intensity  is 
about  double  that  of  the  norlh-easterly  block.  They  are 
prevalent  in  spring  and  in  the  last  quarter  of  the  year, 
and  are  almost  absent  in  February  and  again  in  August. 

(-3)  There  are  the  south-westerly  winds,  of  which  S. 
and  S.W.  are  the  strongest,  and  these  have  a  still  higher 
total  intensity  than  the  last.  These  occur  throughout  the 
whole  year,  but  the  distribution  is  irregular  Whereas 
in  1907  February  and  March  show  high  intensities,  in 
1908  they  show  low,  and  September,  wliich  is  the  lowest 
for  1907,  is  amongst  the  highest  for  190S. 

(4)  There  are  the  north-westerly  winds.  The  records 
of  W.  are  more  frequent  than  those  of  any  other  of  the 
16  points  of  the  compass,  and  amount  to  about  one-sixth 
of  the  total  number  of  observations.  The  intensity  of  tlie 
W.  wind  also  is  high,  and  August  is  the  month  in  which 
it  is  highest.  The  other  directions  in  this  block,  viz., 
W.N.W.,  ^.W.  and  X.N.W..  are  recorded  dnVfly  early 
in  the  year  and  have  a  high  intensity.  The  total  wini]  in 
this  block  amounts  to  fully  one-third  of  that  round  the 
IG  points  of  the  compass. 

Now  easterly  to  south-easterly  winds  (2)  at  Port  Erin 
blow  out  of  the  bay — often  with  considerable  force— and 
outside  the  bay  thev  blow  off  shore,  and  so  will  carry  the 
surface  waters  and  their  contained  plankton  out  to  sea 
and  allow  the  dee])er  layers,  with  any  plankton  that  ma}' 
be  characteristic  of  these,  to  rise  to  the  surface  near  the 
land.  Such  movements,  however,  will  be  more  or  less  at 
right  angles  to  the  tidal  streams,  which  run  strongly 
along  the  shore  from   the  Calf  Island   towards  Contrary 
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Head  during-  the  ebb,  and  towards  the  south  past  Port 
Erin  when  flowing,  and  will  thus  no  doubt  be  somewhat 
affected  both  in  direction  and  amount.  On  the  other 
hand,  the  westerly  and  north-westerly  winds  (4)  l)h)w  on 
shore,  brino-inp-  in  tlie  suiface  plankton  from  further  out, 
and  possibly  allowino'  deeper  layers  of  water  and  plankton 
to  well  up  out  in  the  middle  of  the  channel  where  the 
depth  is  relatively  great.  The  southerly  and  south- 
westerly winds  (3)  blow  up  channel,  frequently  with  a 
heavy  sea,  and  would  tend  to  bring  the  plankton  from 
St.  George's  Channel  into  our  district.  On  reaching  the 
shallower  irregular  rocky  bottom  off  the  south  end  of  the 
Isle  of  Man,  where  the  tides  run  strong,  this  water  may 
very  probably  be  so  diverted  and  churned  up  as  to  cause 
vertical  movements,  bringing  deeper  layers  to  the  surface 
in  the  neighbourhood  of  the  Calf  Island.  It  is  here  that, 
on  various  occasions,  we  have  obtained  unusually  large 
catches  of  zoo-plankton.  The  last  of  our  groups  of  winds, 
the  north-easterly,  are  probably  ihose  that  have  least 
effect  on  the  water  and  its  contained  plankton  oft'  Port 
Erin.  Any  effect  will  probably  be  much  the  same  as 
that  caused  by  the  easterly  group,  but  less  in  amount — 
and  blowing  ott'-slioi'e  from  the  soutli  end  of  the  island 
raav  cause  deeper  layers  of  water  to  rise  to  the  surface 
close  to  land.  Here  again  any  such  movements  will 
probably  be  modified  by  the  strong  tide.s*  running  round 
the  Calf  Island. 

In  figs.  4  and  5  the  occurrence  and  intensity  of 
these  four  groups  of  prevalent  vvinds  are  shown  as  lines 
of  varying  lengtli  on  each  side  of  two  datum  axes  for 
each  month  in  the  years  1907  and  19()(S,  so  that  theii' 
j^roportional  distribution  may  be  traced  day  by  day  through 
the  months — each  reccu'ded  observation  being  plotted.  The 
upper  datum  axi-;  foi'  each  inontli  has  from  X,  to  ^].X.E. 


SF.A-FISIIEIUES  LABORATOU  V. 


•2<U 


plotted  above  and  from  E.  to  S.S.E.  below,  while  the  lower 
axis  has  from  X.X.AT.  to  W.  above  and  from  AV.S.W.  to 
S.  below.  The  intensity  of  the  wind  at  each  observation 
Is  shown  by  the  leno-tli  to  whicli  the  line  is  plotted,  one 
unit  sio'nifvino'  "  lig-ht."  two  "fresh,"  three  "strong-," 
and  four  "  a  gale."  A  spell  of  ealms,  or  a  storm,  a  tract 
of  rontinuons  winds  from  one  direction,  or  the  shiftino'  of 


Jar.       Feir     War      ,4^'       Ma<^    June     -J.Zj     A>/j      Ss}>t.    (Pd      A/ov.     Dec 

l''i(..  6.      I  )ia.s,rain  showing  average  haul  of  Planlaou  per  inoiiih  in  I'./OT. 

the  wind  from  one  quarter  to  another  can  all  be  readily 
traced  by  the  eye  on  these  diao-rams.  For  example,  the 
sonth-easterlv  storm  about  Christmas  190T,  the  long  calm 
in  the  easterly  quarter  from  June  to  August  -1907,  and 
the  changing-  of  a  light  X.E.  wind  in  the  morning,  to 
S.E.  in  the  afternoon  are  noticeable. 

Turning  now  to  the  plankton  records  for  these  two 
years,  the  monthly  averages  as  shown  in  the  two  diagrams 
figs.    G    and    7    will    be    useful    for    comparison    with    the 
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''  star  "-figures  of  tlie  wind  for  the  same  months.  The 
great  difference  in  the  position  of  the  spring  maximum  of 
plankton  in  these  two  years  will  be  appreciated  when  it 
is  stated  that  in  1907  the  catch  rose  to  14*5  c.c.  on  March 
2Tth,  to  31  c.c.  on  April  2nd,  and  to  42'5  c.c.  on  April  3rd  ; 
while  in  1908  it  was  only  25  on  April  2nd,  2-3-5  on  April 
18th,  and  did  not  reach  any  higher  level.  It  will 
be  noticed  on  the  Aveather  diagrams  that  there  were 
distinctlv    more    westerly    and    south-westerly    winds    in 


•To-n     Rl/   Mai.    '^l-'i     n«j    O'unf   J-A;;,     ^u^    gel-t  Oct.  MoV,   IteC . 
Fk;.  7.      Diti.nrani  sliowiii.L;  iivcrago  liniil  of  i'lanktoii  ]h'\-  inmilli  in  I'JOS. 

February,   Mardi    and    April.    1907,    and   more   fioin    the 
north  and  east  in  the  same  months  of  190(S. 

Beginning  wiih  Miircli,  pi'obably  the  critical  time  in 
tlie  history  of  the  sjiring  plankton,  the  following  contrasts 
arc  not  iced  on  the  (lia<>']-ams:  — 


1907. 

Catch 

in  c.c.      Prevalent  Winds. 
.Marcli  ...      7-5  S.AV. 
April    ...    21-5  W.  and  all  directions 
May      ..       7-0  more  Kasterly. 
•fune     ...    H>-0  more  S.W. 
July     ...      5-r)  more  S. E.  and  W. 
.\iigiwt        ]()■()  more  W.  and  S.W. 
Sept.     ...      4-5  more  S.E. 
Oct.      ...      6-5  more  S.W.  and  S. 
.\ov.     ...      4-0  more  S.E. 
Dec.     ...      1-2  more  S.E 


I90H. 
Catch 
in  c.c.      I'revalent  Winds. 

1-8  all  directions. 

t)-7  N.  and  K.  and  S.  K. 

11-3  more  S.W. 

5.6  more  S.E. 

1-25  more  HAW  and  \. 

1-2  more  W.  and  N.  and  1>:. 

3-8  more  S.  and  S.W. 

3-0  naore  S.E. 

1-8  more  W. 

1-3  more  S.E. 
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From  this  table  it  appears  that  in  March  and  April 
the  larger  catches  are  associated  with  south-westerly 
winds,  and  in  May,  1908,  we  again  see  a  much  larger 
catch  with  S.W  winds  and  a  smaller  with  easterly. 
Other  instances  may  be  noticed.  On  the  whole,  it  seems 
that  easterly  winds  blowing  off  shore  are  associated  with 
smaller  plankton  catches  inside  the  bay. 

On  looking  into  the  weather  and  plankton  records 
for  individual  days  we  find  some  cases  that  support  this 
view,  along  with  others  that  appear  opposed  to  it.  This 
is  only  to  be  expected,  as  even  if  prevalent  winds  have  an 
important  influence,  the  other  factors  in  the  case  will  no 
doubt  affect  the  results  markedly  on  occasions. 

During  part  of  one  week  at  the  end  of  the  year  (UJOS) 
the  following  gatherings  were  taken  across  Port  lU'in 
Bay  — 

Wed.,  Dec.  Wth,  E.S.E.  to  S..  fresli ;  Coar.se  net  3-2  and  fine  net  0-8  =  4  c.c. 
Fri.,  Jan.  1st,  S.W.  to  W.S. W.,  light :  Coarse  net  2-4  and  fine  net  0-6  =  3  e.e. 
8at.,  Jan.  2nd,  W.S.W.,  light ;  Coar.sc  net  1-7  and  fine  net  0-6  =  2-3  c.o. 

These  show  a  gradual  fall  in  the  amount  of  the  catch, 
and  during  that  time  the  Avind  was  working  round  from 
PJast  of  South  to  nearly  West. 

At  the  beginning  of  the  following  week  the  catch 
was: — Monday,  .January  4th,  coarse  net  4"0  and  fine  net 
1-0  =  5  c.c,  a  considerable  rise,  with  the  wind  W.S.W.  to 
S.S.W.,  light.  On  these  occasions  any  effect  due  to  wind 
may  possibly  have  been  masked  by  other  factors ;  and  in 
any  case  tlie  quantities  dealt  with  are  small.  We  would 
not  attach  much  importance  to  either  correspondence  or 
diversity  in  the  case  of  small  quantities  or  of  individual 
catchcv 

Sea-Temperatfrp:s. 

The  dotted  line  in  the  accompanying  figure  shows  the 
curve  for  the  sea-temperatures  in  Port  Erin  Bav  during 
s 
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1908.  Ii  sliows  very  clearly  the  way  in  wliicli  the 
temperature  of  the  sea  lags  behind  that  of  the  air,  being 
higher  in  winter  and  lower  in  the  height  of  summer.  On 
lomparing  with  tlic  curve  for  1907  we  find  that  in  1908 
the  temperature  was  lower,  and  more  uniformly  so,  during 
the  critical  period  of  March  and  April.  Then  again  the 
curve  does  not  rise  so  high  in  June  and  -Tuly ;  and,  on  the 
other  hand,  in  October  and  November  the  temperature  is 
rather  higher  this  year.  The  lower  sea-temperatures  in 
March  and  April  may  possibly  have  some  relation  to  the 
undoubted  lateness  of  the  vernal  plankton  maxinui,  as 
compared  with  1907. 


JA 

ii  It  Ii 

V.       FEB. 

S2SI  8  152229 

MAR 

APR 

U  11  /825|2 

MAY. 

9  1623, 

301 

JUNE. 

6/320271 

JULY 

i/  II  /825{ 

1 

AUG.     i 
8  /S2Z29|5 

IZ  I92B[ 

OCT 

3  lonuii 

NOV. 
7 11,2.1  za 

DEC. 

5  «/9263(| 

65 

^ 

6U 

63 

- 

- 

62 

6( 

« 

SO 

\ 

K 

58 

^ 

57 

r\ 

■>, 

A 

56 

j 

\ 

/ 

V 

^ 

V 

55 

/ 

\ 

/ 

\- 

. 

v> 

:/ 

>l 

54 

I 

/ 

V 

. 

\ 

^ 

., 

to53 

/ 

: 

Ik 

\ 

,/ 

/ 

\ 

,, 

• 

V 

^ 

55£ 

■o'^ 

\ 

'" 

?««           . 

.- 

J 

f/<7 

,. 

s« 

, 

I 

iia     -• 

'•      ] 

,, 

'.■• 

^ 

, 

^«  ••  s 

:  A     ^ 

y- 

\^ 

J 

, 

,, 

1 

W           J 

., 

1 

« 

'.  ^^ 

/^ 

J 

1 

j„ 

^ 

\ 

A 

/ 

*"     - 

\ 

*     i- 

__ 

^ 

_ 

V 

_ 

__ 

__ 

_ 

_ 

_ 

„ 

J 

_ 

__ 

__ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

fA- 

- 

- 

-- 

WCC^ftV  AVCflACr  TEMP£f)ATUHCOr 
THE  AIR  AND   SEA  AT  9.  ~  AT  POFIT 
ERIN, DURING  THE  YETAR  I90S 

-- 

- 

- 

- 

- 

- 

- 

- 

- 

J 

V 

X 

\ 

k1 

- 

- 

- 

- 

- 

- 

-- 



- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

.13 

— 

~ 

- 

~- 

-" 

~ 

"- 

— 

~ 

~ 

^ 

■" 



" 

~ 

~~ 



" 

~" 

~ 

" 

^ 

"■ 

~ 

"" 

~ 

^' 

~ 

~ 

K 

_^ 

_ 

_J 

Tho  sea-t('itij)(Mai  uics  lo  the  west  of  (lie  [sic  nf  ]\I;iii 
ai'c  still  insulHcienlly  known.  In  the  prcstMil  xdliinic 
Mr.  ■) .  Jolinstonc  has  an  inicrcsting  arlich"  im  llic 
temperatures  in  I  In-  Irish  Sea,  which  deals  eJiielly, 
li(jwever,  with  the  slia How-water  area  to  the  east  of  the 
Isle  of  Maji,   where  nearly   all   f)bservations   iu   the  past 
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have  been  taken.  The  lines  alont^  which  temperatures 
have  been  taken  durinjs^  the  last  three  years  on  the  hydro- 
graphic  cruises  of  the  Lancashire  Fisheries  steamer 
are  (1)  from  Holyhead  to  the  Calf  Island,  (2)  from  the 
Calf  Island  to  the  Piel  Gas  Buoy  near  Barrow  (along 
latitude  54'' X.),  and  (3)  from  the  Piel  Uas  Buoy  lo 
Maughold  Head  in  the  Isle  of  Man.  This  last  line  was 
given  up  after  the  first  years  work,  and  a  new  line  has 
been  added  this  year  from  the  Calf  Island  to  the  Liverpool 
Xorth-west  Lightship.  In  additioji  various  series  of 
observations  have  been  made  in  the  Welsh  bays  further  to 
the  south;  and  on  one  occasion  lately  temperatures  were 
taken  in  the  deep  water  off  the  Mull  of  Galloway. 

The  Irish  Fisheries  Authorities  have  taken  tempera- 
tures in  the  past  from  the  Calf  Island  across  towards 
Ireland  and  along  several  lines  to  the  south  of  that  from 
the  Irish  coast  eastwards  across  the  Channel.  During 
this  present  winter  it  i&  understood  that  the  new  Irish 
Fisheries  steamer  has  started  a  series  of  fresh  lines  of 
observing  stations  that  will  traverse  the  sea-area  l)etw(M'ii 
the  Isle  of  Man  and  Ireland  at  several  different  levels. 
These  series  will  no  doubt  eventually  give  much  needed 
information  as  to  the  physical  conditions  in  the  deep 
western  channel,  which  differs  so  markedly  in  confoi-nia- 
tion  from  the  shallow  eastern  half  of  the  Irish  Sea  in 
which  the  Lancashire  observations  have  been  taken.  In 
the  meantime,  as  nothing  has  been  published  bearing  on 
•ihe  deep-water  area  north  of  the  Calf  and  west  of  the  Jsle 
of  Man,  it  may  be  of  interest  to  record  the  sea-tempera- 
tures take]i  on  board  the  "  Ladybird  during  her  work 
outside  Port  Erin  in  the  spring  and  summer  of  IDOS. 
Mr.  Harf)ld  D.rew,  now  of  Plymouth,  was  on  the  yacht 
during  the  summer,  and  assisted  in  taking  the  following 
series  of  temperature  observations. 

In    April,    the    following    surface    observations    were 


Christi 

ania 

Apr. 

13 
14 

15 
16 
17 

20 
22 
23 

27 

2<) 

Stat. 

thermometers 

Lahoiati 

orv     at 

Surf.  = 

6-8°(5. 

Surf.  = 

6-8°0. 

Surf.  = 

7T.. 

[     Surf.  = 

6-8°C. 

Surf.  = 

6-9=0. 

Surf.  = 

6-8°C. 

.     Surf.  = 

6-9°C. 

Surf.  = 

6-6°C. 

I     Surf.  = 

6-85°C. 

Surf.  = 

7°C. 
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taken,     with     the     centigrade     standard 
supplied    hy    tlie    Central    Tiiternational 


Stat.  I.,  5  miles  otf  Bradda  Head 

III..  1  mile  oif  Niarbyl 

I.  and  II.,  5  and  10  miles  oif  Bradda  Head 

III.,  2  miles  off  Niarbyl 

I.  and  II..  5  and  10  miles  off  Bradda  Head 

III.,  1  mile  off  Niarbyl 

I.  and  II..  5  and  10  miles  off  Bradda  Head 

III.,  1  mile  off  Niarbyl 

In  Augnist  and  September,  surface  observati(uis  weic 
iaken  wath  the  same  thermometers,  as  follows :     - 

Aug.     8   Stat.  II.,  10  miles  off  Bradda  Head  Surf.  =  IS-OTC. 

..      10      „      I.,  5  miles  off  Bradda  Head  Surf.  =  13-91°0. 

„      12      „      III.  (a.m.),  2  miles  off  land  Surf.  =  13-83°C. 

„      12      .,     I.,  5  miles  off  land  Surf.  =  13-62°C. 

„      12      „      III.  (p.m.),  1  mile  off  Niarbyl  Surf.  =  14-12°C. 

„      13      „      I.,  5  miles  off  land  "  Surf.  =  13-69°r. 

„      13      „      III.,  1  mile  off  land  Surf.  =  l3-74°(\ 

„      14    (17  surface  observations  round  Island)  =  13-13^  to  14-49°('. 

„      15  (5  surface  ol)servations  up  West  Coast)  =  13-05'' to  14-04T. 

„      17  Stat.  I.  (a.m.),  5  mile.s  off  Bradda  Head  Surf.  =  13-72"C. 

„      17      ..     II.,  10  miles  off  Bradda  Head  Surf.  =  13-52°C. 

„      17  Mid.-Cbannel,  Stat.  A.  13  miles  off  Bradda  Head  Surf.  =  13-83^. 

.,      17  Mid.-Channel  Stat.  B.  14  miles  off  Bradda  Head  Surf.  =  14-32°C'. 

„      17    Stat.  I.  (p.m.),  5  miles  off  Bradda  Head  Surf.  =  14-07°r. 

.,      18   Stat.  I.  5  miles  off  land  Surf.  =  13-3rC. 

„      18      „      111.,  2  miles  off  laud  Surf.  =-  I3-10°<  . 

„      19      „      I.,  5  miles  off  land  Surf.  =-  IS-SIT. 

„      19      „      v.,  1  mile  off  land  Surf.  =  13-05T. 

„      20      „      1.,  5  miles  off  land  Surf.  =  13-52°C. 

„      20      „      111.,  2  miles  off  land  Surf.  =  13-4rC'. 

„      21      „      I..  5  miles  off  land  Surf.  =  13-65%'. 

„      21      „      IV..  close  to  Calf  Island  Surf.  =  13-25°<'. 

„     22      „     I.,  5  miles  off  land  Surf.  =  13-32°C. 

„      22      „      III..  2  miles  off  land  Surf.  =  13-60''(. 

„      24      „      I.,  5  miles  oiT  laud  Sui-f.  =  I3-4°C. 

,,24      —      8  miles  off  land  Surf.  =-  13-38"C. 

„      24      —      11  miles  off  land  Surf.  =  13-39°C. 

„      24  Mid.  Channel  Stat.  A.  13  miles  off  Bradda  II. -^d  Surf.  =  13-35%'. 

„      26*  Stat.  I.,  5  miles  off  land  Surf.  =  13-38%'. 

„      28   Off  Life-boat  sli]).  Port  Kiin  Bay  Surf.  =  13-85°C. 

„      28   Off  Buoy,  at  entrance  to  Buy  Surf    =  I3-oO°C. 

„      31    Stat.  1..  5  uules  off  land  Surf.  ==  ]3-10°O. 

St.-i)t.  11    Stat.  III.,  2  miles  off  land  Surf.  =-  12-85°t. 

,,      11-  (6  surface  ob.servations  roiuul  Soutli  of  lsland)i=  12-8°  to  13-l°C. 

.,      12   Stat.  II..  10  miles  off  land  Surf.  =  12-9°C. 

„      12    .Mid.-(;liannel,  Stat.  A.,  13  miles  off  bind  Surf.  =  12-6°C. 

„      12   Stat.  1.,  5  miles  off  land  Sviif.  =  12-9°e. 

„       15     „      T..  5  miles  off  land  Surf.  =  12-9°C. 

„      19     ,.      III.,  2  miles  off  land  Surf.  =  13-2°C. 
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On  August  14th.  we  took  a  series  of  surface  tempera- 
tures around  the  Ishind  (see  large  figures  in  circles  on 
chart,  fig.  9  ),  as  follows:  — 

(1)  10.30  a.m.,  off  Spanish  Head  13-22°C. 

(2)  10.50  a.m.,  Bay-ny-Carrickey  13-13°C. 

(3)  11.10  a.m.,  off  Langne-ss        1313°C. 

(4)  11.17  a.m.,  off  Langness  (in  tidal  ra(;f)      ...  13-53°C. 

(5)  11.55  a.m.,  off  Santon  Point  13-90°C. 

(6)  12.20  p.m.,  off  Douglas  Head  14-00°C. 

(7)  12.50  p.m.,  off  Clav  Head 14-06°C. 

(8)  1.20  p.m.,  off  Laxey  14-49°C. 

(9)  2.0  p.m..  off  Maughokl  Head  14-23°C. 

(10)  2.25  p.m.,  off  Ramsey  Bay  14-12°C. 

(11)  2.45  p.m.,  East  of  Pt.  of  Ayi-e      14-19°C. 

(12)  2.55  p.m.,  West  of  Pt.  of  Avro      14-21°C. 

(13)  3.30  p.m.,  Jurby  Bay  13-72°C. 

(14)  4.10  p.m.,  off  Kirkmichael  13-38°a 

(15)  5.10  p.m.,  off  Peel  Head     13-95°€. 

(Hi)  5.40  p.m.,  off  Niarbyl  13-71°C. 

(17)  (i.5    p.m.,  off  Bradda  '       13-21^"0. 

On  this  occasion  the  sea  was  smooth,  the  sun 
bright,  the  wind  of  strength  1  to  2,  X..  by  £., 
and  high  water  was  at  12. 5U  p.m.  when  the 
observation  (7)  oif  Clay  Head,  north  of  Douglas,  was 
taken,  so  that  we  carried  the  tidal  stream  with  us  (either 
flowing  or  ebbing)  nearly  all  the  way  round  the  island. 
It  will  be  noticed  that  with  this  rising  tide  flowing 
northwards  the  coldest  water  (l-j'l-3°)  was  at  the  soutb 
end  of  the  island  off  Port  St.  Mary  and  Castletown,  and 
that  it  got  steadily  warmer  going  north  until  the  highest 
point  (14'49°)  was  reached  off  Laxey  between  high  water, 
by  the  shore  (at  Clay  Head)  and  the  "  head  of  the  tide  " 
at  Maughold.  From  this  point  it  fell  steadily  round  tbe 
north  and  west  sides  of  the  island,  with  slight  rises  at 
Point  of  Ayre  (where  two  currents  join)  and  again  off 
Peel  (where  the  tides  from  the  north  and  south  meet), 
until  at  Bradda  Head  it  reach.es  13'21° — very  nearly  the 
temperature  with  which  we  started  at  Spanish  Head. 

It  must  not  be  supposed,  however,  that  we  attach 
much    hydrographic    importance    to    a    single    series    of 
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surface  temperatuTes  such  as  these,  unsupported  hy 
salinities  and  uucoirccted  l)y  liirther  ()l)servations  on 
uelg'lihoui-in^  days  undei'  oilier  coiulitions  of  weather. 

On  Au^-ust  10th  we  were  trawlintj  on  the  lialhuinj-h 
Hank,  and  tofd-c  a  series  of  obsei'vations  up  (o  a  point  ten 
miles  norih  oF  Peel,  as  follows:  — 

(1)  Off  Peel  Head,  Surface  =   i:i-70°('. 

(2)  2     miles  N.  of  Peel.  Surface  =  18-r)5^(\ 

(3)  :n  miles  N.  of  Peel,  Surface  =  13-05''C. 

(4)  8i  miles  N.  of  Peel.  Surface  =  13-81°C. 

(5)  10  miles  N.  of  Peel,  Surface  =  14-()4°0. 

10  miles  X.  of  Peel,  at  2?,  fathoms  12-87"X1. 
10  miles  X.  of  Peel,  at  (>'  fathoms  12-32^C. 
10  miles  N.  of  Peel,  at  13  fatiumis  ll-39'^('. 
10  miles  N.  of  Peel,  at  22  fathoms  (bottom)  11  ■:{<»('. 

The  sea  was  smooth,  sun.hrio'lii,  wind  1*^,  of  streny-th 
1  to  2.  li  is  cviilent  thai,  on  this  day.  at  this  point  ten 
miles  N.  of  Peel  the  water  was  warmest  on  the  surface, 
and  was  fully  two  and  a  half  deo-ices  ' 'entio-iade  lower  at 
l:i  to  '22  fathoms. 

On  Se])t  ember  11th,  sitrface  temperatures  and 
sam])les  of  the  sea-wate?  wei'e  taken  at  the  followinii" 
])oints  betwe(Ui  Poit  St.  Mary  and  .\iarbyl:  — 

(1)  10.20  a.m.,    1   mile  off    i'ort  St.    .Marv 13 C. 

(2)  10.50     .,        off  the  Chasms  ...     ^ 13"C. 

(3)11.0       ,,        S.  of  Calf  Sound  (el)l.  uorthwanM.cuiauim;)  13-ri'. 

(4)11.11     ..        X.  of  Calf  Sound       '..  ...  I2-8'C. 

(5)  11.30     ..        olV  iJradda   Head        l.S'C. 

(d)   12  (m.ou)      olT  Niarhyl      12-sr>  ('. 

'i'h(^  sea  was  luuderate,  with  a  li^ht  N.N.E,  wind  and 
liii;j,lit  Buiishiiie — after  some  days  of  i"ou,i;h  weather. 

Tiic  surface  watei'  was  on  this  occasion  (September 
lltli)  distijictly  coJdei-  than  W(^  had  found  il  on  either 
August  14th  or  Aug'ust  15th  in  the  same  iiei^hboiirliood. 
Ill  addition  to  th"  occasion  on  .\ugust  15th,  j^iven  above, 
uhcii  Sf'a-tem])cial  uies  were  taken  al  intei'vals  from  tjie 
surface  to  tiie  bottom,  there  were  four  other  vertical  series 
of  temj)cratui('s  tnken   durino'  August  and  September  in 
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the    deepest    part    of    the    channel    (64    to    74    fathoms), 
between  Port  Erin  and  Ireland,  as  follows:  — 

(1)  August  ITtii,  Mid-Channel  Station  A,  lo  miles 
X.  W,  by  X.  ^  ]\".  of  Bradda  Head.  Sonnding  64  fathoms, 
mud.  Temperatures  with  Negretti  and  Zambra's  deep  sea 
reversino-  thermometer  : 


At  surface  ... 
„    10  fathoms 
„    20 

„    iO      ■  „ 
„    60 


=  57-3"F 
=  56-2°F. 
=  o5-l°F. 
=  56-2°F. 
=  60°F. 


(2)  Auo-usl  ITth,  Mid-Channel  Station  H,  14  miles 
N.W.  of  Bradda  Head.  Sounding"  74  fathoms.  I'empera- 
tures  with  reversino-  thermometer  : 


At  surfac(» 

r=  r)8-2°F. 

„    10  fatlioins 

=  57-3°F. 

„    20 

=  57  TF. 

„    30        ,. 

■    =  5()-5°F. 

„    50 

=  56-o°F. 

„   72 

=  ()2-6='F. 

(3)  August  24t]i.   Mid-Channel   Station   A,   l^!   miles 

X.W.    of   Bradda    Head.        Sounding    64    fathoms,    mud. 

Temperatures  with  reversing  thermometer:  — 

At  surface  =  56-2°r.  corrected  to    *13-2°C. 

10  fathoms  =  56-8°F.  ..  13-5°('. 

20         .,  =  560°F.  .,  13-1°C'. 

;iO         ..  =  .'34-7°F.  .,  12-4''C. 

40         „  =  540°F.  „  12-0°C. 

50        „  =  57-2°F.  „  13-7°C. 

62         „  =  .53-3'^r.  „  11-6°C. 

(4)  September  12th,  Mid-Cliannel  Station  B,  14  miles 
jS^.W.  of  Bradda  Head.  Sounding  74  fathoms,  mud. 
Temperatures  with  reversing  thermometer:  — 


At  surface 

=  55-0°F. 

corrected  to 

12-6°C. 

„    10  fathoms 

=  550°F. 

12-6°C. 

„    20 

=  550°F. 

12-6°C. 

„   30 

=  55-0°F. 

12-6°C. 

„    40 

=  54-5°F. 

12-3°C. 

„    50 

=  54-0°F. 

12-0°C. 

„    60 

=  53-0°F.( 

ore?)  57-00 

"F.)11-5°C. 

„    70 

=  510°F. 

,, 

10-4°C. 

*  On  International  Standard  Thennometer.     (Mr.  Drew.) 
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On  the  last  of  tliese  occasions  (September  12tli),  when 
the  theruiometer  came  up  from  (iO  fathoms  it  read  b7°  F. 
Thinking  that  this  mi^ht  be  a  mistake  it  was  lowered  to 
the  depth  a^ain,  and  this  time  it  read  b-]°  F.,  and  the 
record  was  corrected  to  that  figure:  but  it  is  just  possible 
that  the  former  temperature  may  have  been  correct  for  a 
very  limited  layer  of  water  into  which  the  thermometer 
had  passed  on  the  first  occasion,  since  it  will  be  noticed 
that  in  all  four  of  these  series  of  temperatures  in  mid- 
channel  there  is  apparently  an  indication  of  a  warmer 
layer  near  the  bottom  lying  underneath  colder  water — 
on  August  17th  (A)  at  60  fathoms  and  (B)  at  72  fathoms, 
on  August  24th  at  50  fathoms,  and  on  September  12th,  if 
the  first  reading  was  correct,  at  60  fathoms.  It  is 
important  to  remember  that  all  of  these  four  series  were 
taken  in  that  central  region  of  the  western  part  of  the 
Irish  Sea  which  is  marked  on  the  charts  and  in  the 
"  Sailing  Directions ''  as  having  no  perceptible  tidal 
stream  and  where  the  deeper  layers  of  water  are  ])robably 
comparatively  little  disturbed,  and  are  certainly  not 
churned  up  at  every  tide  as  seems  to  be  the  case  in  tlic 
shallow  water  between  the  Isle  of  Man  and  England  or 
Wales.  The  deep  water  to  the  west  of  Port  luin  still 
awaits  investigation  as  to  its  physical  conditions,  its 
movements,  if  any,  and  its  possible  connection  with 
oceanic  water  outside  the  Irish  Sea;  and  the  compara- 
tively few  and  rather  sporadic  lemperatuivs  recorded 
above  have  been  given  chiefly  for  the  })ui[)ose  of  showing 
how  little  has  yet  been  done,  but  how  interesting  in 
several  ways  this  deep  westei-n  channel  may  prove  to  be. 

Mr.  Drew  took  samples  of  the  sea-water  fj-om  each 
j)osition  where  serial  temperatures  were  observed,  and  he 
has  worked  out  the  salinities,  but  considers  tli.it  ilic 
resuHs  are  not  suftieieiitly  complete  to  justifv  publiciii  idji. 
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He   makes,    however,   the   following  remarks   upon   them 
which  may  be  of  use  in  connection  with  future  work:  — 

■'  You  will  notice  that  there  appears  to  be  a  complete 
reversal  of  conditions  between  August  24th  and  September 
12th.  On  Avigust  24th,  the  water  of  lowest  salinity 
(chlorine  =  34'08)  is  at  62  fathoms,  and  the  water  of 
highest  salinity  (chlorine  =  'M*12)  is  at  20  fathoms,  and 
from  20  fathoms  to  the  surface  there  is  a  slight  decrease, 
but  the  general  condition  may  be  taken  as  high  salinity 
above  and  low  salinity  below.  On  September  12th,  the 
water  of  highest  salinity  (chlorine ^34*07)  is  below  and 
of  low  salinity  (chlorine  =  33'96)  above.  In  this  case 
there  appears  to  have  been  an  inflow  of  cold,  high  salinity 
water  along  the  bottom.  The  difference  between  the 
temperatures  of  the  bottom  samples  is  well  marked,  and 
is  much  more  than  would  be  accounted  for  by  the 
difference  of  the  surface  temperatures.  I  think  the 
hydrographical  conditions  in  the  neighbourhood  would 
be  of  great  interest  if  more  frequent  observations  could 
be  taken. 

"  It  would  seem  improbable  from  these  results  that 
that  complete  mixing  of  the  water  occurs  which  I  under- 
stand has  been  found  between  the  Isle  of  Man  and 
]*^ngland — there  is  a  very  definite  division  of  the  water 
into  layers  which  probably  correspond  to  inflows  of  water 
along  the  deep  channel :  I  should  think  that  current 
measurement  work  in  the  same  locality  might  produce 
very  interesting  results. 

Tides  in  the  Irish  Sea  aroind  the  Isle  of  Max. 

Amongst  the  factors  that  may  have  an  effect  on  the 
variations  of  the  plankton  in  space,  time  and  quantity, 
the  tidal  streams  still  remain  to  be  considered. 

The  main  lines  of  the  tidal  currents  in  the  Irish  Sea 
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have  heen  known  for  many  rears  from  the  Admiralty 
publications*  (based  npon  Captain  Beechey's  well-known 
(»l)servati()ns  in  (lie  Phil.  Trans,  of  the  Koyal  Society), 
and  were  summarised  by  one  of  ns  some  years  ago  some- 
wl»a(  as  follows  : 

Tlic  tidal  wave  comino-  in  from  the  open  Atlantic 
reaches  the  Irish  Sea  round  both  ends  of  Ireland  (see 
Chart,  tip;.  S),  but  mainly  round  the  south.  The 
uortliern  entrance  is  narrower,  and  admits  only  a 
comparatively  small  proportion  of  the  total  volume  of 
water.  For  nearly  six  hours  after  low-water,  at,  say 
Liverpool,  two  tidal  streams  ])our  into  the  Irish  Sea,  the 
one  fi-om  the  north  of  Ireland,  throup^h  tlie  North 
Channel,  and  the  other,  the  lai-ger,  from  the  southward, 
through  St.  George's  Channel.  Parts  of  the  two  streams 
meet  and  combine  to  the  west  of  the  Isle  of  Man,  where 
there  is  a  large  elliptical  area,  abont  20  miles  in  diameter, 
and  reaching  from  off  Port  iM'in  toward^-  Carlingt'ord, 
over  which  there  is  no  perceptible  tidal  stream,!  the  level 
of  the  water  merely  rising  and  falling  with  the  tide.  The 
remaining  portions  of  the  two  tidal  streams  pass  to  the 
east  of  the  Isle  of  Man,  and  eventually  meet  along  a  line, 
"  the  head  of  the  tide,  "  extending  from  Maughold  Head 
into  Morecambe  IJay.  During  rhc  ebb  the  above  currents 
are  practically  reversed,  bui  in  i  uiiniup'  out  the  southern 
current  is  found  (o  bear  nioic  ovei'  towards  the  Irish  coasC 

The  tide  is  iiigh  at  Liverpool  about  eight  hours  after 

the  same  wave  reaches  Bristol,   and  an  hour  and  twelve 

*  See  the  Charts,  the  Admiralty  Sailing  Directions  for  the  West  Coast 
of  England,  and  for  Ireland,  and  "  The  Tidal  Streams  of  the  English  and 
Irish  Channels"  (Hydrogiaphio  Oftice,  Admiralty,  London,  ^lay,  1,S99). 
Tliis  information  was  summarised,  as  slated  above,  in  Herdman  and 
Dawson,  "Fishes  and  Fisheries  of  the  Irish  Sea"  (G.  Philip  .*;.  Co.. 
London,  190-2). 

t  The  existence  of  such  an  area  is,  however,  disputed  by  the  fishermen 
at  Port  Erin,  who  state  that  even  out  in  the  channel  there  is  .suflicient  tide 
running  to  carry  the  floats  of  their  nets  and  lines  under  water. 
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Course  of  Flood  tide  in  Irish  Sea  round  Isle  of  Man. 
Scale  :  20  sea  miles  =  Ij^  inches. 
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minutes  later  than  it  is  at  Holyhead.  For  the  south  end 
of  the  Isle  of  Man  about  14  minutes  has  to  be  subtracted 
from  the  Liverjiool  lime,  and  liio-U  tide  at  the  Isle  of  Man 
is  synchronous  with  that  at  Dover.  The  tidal  rise  and 
fall  at  Liverpool  varies  from  about  11  feet  at  low  nea])s, 
III  -"{l  feet  at  hipfli  s|)riti<i's.  All  the  highest  tides  in  our 
district  occui'  about  midday  and  midnight,  consequently 
tlie  lowest  spring  tides,  which  are  the  best  op]K)rt unities 
that  the  naturalist  has  for  collecting  marine  animals  on 
the  shore,  are  about  6  a.m.  and  (\  p.m.,  an  arrangement 
which  allows  of  two  tides  a  day  being  worked  in  summer, 
but  prevents,  on  account  of  darhiu^ss,  a  low  s})ring  tide 
from  being  seen  duiing  the  winter  lialf  of  the  year. 

There  is  some  reason  to  believe  that,  as  a  result  of  the 
general  drift  of  the  surface  waters  of  the  Atlantic,  and  the 
shape  and  direction  of  the  openings  to  the  Irish  Sea,  more 
water  passes  out  by  the  ]N'orth  Channel  than  enters  that 
way,  and  more  water  enters  by  the  South  (St.  George's) 
Channel  than  passes  back,  and  that  consequently  there  is, 
irrespective  of  the  tides,  a  slow  current  passing  from  south 
to  north  through  our  district.  The  fact  that  so  many  of 
oui-  drift  bottles  have  crossed  the  "  head  of  the  tide  "  from 
S.  to  X.,  and  that  of  those  wl)i(4i  have  gone  out  of  oui' 
district  nearly  all  have  gone  north  to  the  Clyde  Sea-aica, 
su])ports  this  view,  which  was  regarded  by  tlie  late 
Ilydrographer,  Admiral  Sir  William  Wharton,  as  being 
a  priori  probable  (see  "  Fislies  and  Fislieries  of  th(>  Irish 
Hea."  ]).  9)- 

The  following  further  account  of  the  minor  tidal 
currents  in  the  immediate  neighbourliood  of  the  Isle  of 
Man  is  given  as  the  result  of  our  own  obseivations  and 
information  derived  from  Mr.  James  Crebbin,  Captain  of 
the  yacht,  and  fi-om  the  Port  Kri?i  fishcjuuMi  (see  Chart, 
fip.  9). 
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Fig.  y.     Set  of  Flood  tide  round  Isle  of  Man. 
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The  braiH'li  of  the  soiitliein  tidal  stream  that  passes 
to  the  west  of  the  Isle  of  Man  meets  with  the  corre- 
spondino"  stream  from  tlie  north  ol¥  Contrary  Head,  near 
Peel,  and  the  sonthern  stream  then  turns  inshore  and  flows 
southwards  nlons:  the  coast  over  an  area  extending'  to  from 
four  to  five  miles  from  the  shore.  The  curient  thus  runs 
])ast  Port  I'h'in  from  the  north,  towards  the  Calf  Islaiul, 
as  the  tide  is  rising'  on  the  shore.  This  stream  beg-ins  to 
How  about  an  hour  and  a  half  before  high-water  at 
Liverpool.  Outside,  sav,  an  average  distance  of  five  miles 
of¥  the  land  to  the  west  of  Port  Erin  there  is  very  little 
tidal  current.  One  branch  of  this  south-going  flood  tide 
sets  from  close  to  Bradda  Head  towards  the  Calf  Sound, 
and  is  known  as  the  "  liowlane  tide."'  Outside  that  for  a 
couple  of  miles  there  is  less  stream,  and  tlieii  a  larger 
branch  forms  the  main  tide  which  I'uns  from  about  thre(^ 
miles  west  of  Contrary  Head  to  about  one  mih-  west  of 
the  Calf  Island,  where  it  meets  a  pait  of  the  tide  Howing 
nj)  Channel  ti'om  the  south,  aiul  together  they  tiiiii  to  the 
east,  rush  past  the  Chicken  Pock,  and  make  ahtng  the 
s(Mith  coast  of  the  Island  for  Laiigiie^s  i'oint,  round  which 
the  current  forms  a  strong  race.  The  tide  continues  u}t 
the  east  side  of  the  Island  to  Maughold  Head,  and  can  be 
felt  to  a  distance  of  at  least  eight  miles  off  the  shcuc.  .\t 
MaughoM  Head  this  Hood  t  i(h'  lunuing  north  mecis  with 
the  tide  from  the  north  end  of  the  Island  which  has  just 
come  across  Ramsey  Bay,  and  they  both  turn  outwai'ds  so 
as  to  run  side  by  side  to  the  eastward  towards  Mokm  anihc 
J{ay  in  Lancashire. 

At  several  points  on  the  east  side  ol  the  Ishmd,  ch)sc 
in  to  >liore,  there  i<  ;i  nairow  current  running  south,  whih' 
tiie  Hood  tide  fuither  out  iuri>  north.  This  is  the  case, 
for  example,  between  P<ut  St.  Maiy  and  the  Calf  Sound, 
wheie  the  main  flood  tide  luns  for  Langness  and  an  inner 
edd\'  sets  southwards  (dose  to  the  rocks. 
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About  an  hour  before  low-water  on  tlie  shore  the 
youuf^-  flood  beji'ins  to  set  to  the  south  thiouo-li  the  Calf 
Sound,  while  the  tidal  ebb  streams  are  still  runnin<y  in  the 
neighbourhood  in  the  opposite  direction. 

The  North  Channel  tidal  stream  reaches  the 
Isle  of  Man  about  Contrary  Head,  and  turns  to 
flow  iKjrthwards  to  Point  of  Ayre  as  the  tide 
rises.  At  the  north  of  the  Island  it  joins  a 
branch  of  the  main  northern  tide  rnnnino-  eastwards, 
and  they  sweep  round  the  Point  of  Ayre  as  a  strong  race, 
which  sets  across  RaTiisey  Bay  and  the  shallow  banks 
outside,  and  continuing  south  meets  the  southern  tide  oft' 
Maughold  Head  and  turns  with  it  to  run  outwards  towards 
the  Lancashire  coast  at  Morecambe  Bay. 

When  the  tide  turns  all  these  curreiits  are  reveised. 
and  the  ebb  runs  to  the  north  from  Maughold  Head, 
round  Point  of  Ayre,  and  down  the  we^t  coast  to 
Contrary  Head,  where  it  meets  the  ebb  tide  which  sets 
southwards  from  Maughold  Head,  round  Langness, 
through  the  Calf  Sound,  and  northwards  up  the  Avest 
coast  ])ast  Port  Erin  and  Xiarbyl. 

It  is  seen  from  the  above  description  that  the  flood 
tide  runs  past  Port  Erin  from  (Contrary  Head  to  the  Calf 
Sound,  and  up  the  east  side  of  the  Island  to  Maughold 
Head,  where,  if  the  time  of  high-water  is  past,  the  ebb 
tide  will  be  found  setting  to  the  north  round  Point  of 
Ayre  and  down  the  west  side  to  Contrary  Head.  It  is 
thus  possible,  by  choosing  the  right  time,  to  carry  the  tide 
})ractically  the  whole  way  round  the  Island  when  going 
south-about  from  Port  Erin  on  a  young  flood.  This  is 
what  we  did  on  August  14tli  when  taking  the  series  of 
surface  temperatures  recorded  in  this  report  at  the  points 
numbered  (1)  to  (17)  on  the  Chart  (fig.  9). 

All  these  tidal  streams  become   o-reatlv  increased  in 
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alternate  weeks  at  the  time  of  the  spring-  tides,  and  then 
run  as  strong-  currents  past  the  headhmds,  such  as 
Langness,  Point  of  Ayre,  and  pi-actically  all  round  ilir 
Calf  Island.  It  is  ])rol)al)le  that  tliese  tidal  races  g;ive  ns(! 
also  to  vertical  currents  in  the  water,  which  may  bring  uj) 
t(i  tlic  surface  phniktmi  fmiu  deeper  zones.  Some  of  oui' 
gatherings  taken  in  these  strong  currents  close  to  the  clifi's 
of  the  Calf  Island  have  hecji  exceptionally  large,  and 
have  contained  exceptional  oi-ganisms,  possibly  as  a  result 
of  these  complex  movements  and  the  mixing  of  various 
waters.      Our  observiii"-  stations   ott  Port   j'hiii    have  been 
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ca  |-el'nll  \'  clioseii,  so  as  to  he  iiiuh-r  ditfereiil  lidal 
conditions: — Station  I,  ii\-e  niih-s  ofPshoic,  is  jnsi  on  (he 
outer  v(\irv  of  the  main  tuh-  nnining  north  and  --oulh: 
Station  II,  ten  miles  out,  is  in  tlie  ceniral  area  niari<e(l  as 
having  no  ])ci(-e|)til)h'  tiih-:  Sialion  III,  ahmg  shore  io 
the  nortji,  :in(l  Statiini  l\'.  iJong^iih-  the  ('all  Island,  are 
both  in  the  inshore  tides,  the  foi-mer  in  a  slackei  and  the 
latter  in  n  stronger  current;  and  liiially  Station  V,  south 
of  Spanish  Head,  is  in  a  difPeicnt  lidal  cuirent  which  lujis 
tvoni  the  Chicken    Koek   Lijjhl  Iiounc  lowni-ds  Ijanji-ness. 
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The  general  effect  of  the  Hood  tides  will  be  to  cairv 
mure  southern,  or  even  oceanic  forms,  from  St.  (ieorg-e's 
Channel  into  our  area.  No  doubt,  on  occasions,  organisms 
from  the  Atlantic  water  will  also  be  carried  in  by  the 
northern  tide,  and  may  get  driven  over  "  the  head  of  the 
tide  "  at  Contrary  Head  and  at  Maughold  Head  so  as  to 
enter  our  area. 

The  general  effect  of  the  ebb  tides  will  be  to  bring  the 
less  pure  coastal  waters  of  lower  salinity,  Avith  some  of 
their  contained  organisms,  from  the  shallower  eastern 
parts' of  the  Irish  Sea,  such  as  Morecanibe  Bay,  into  the 
purer,  Salter  and  deeper  water  west  of  the  Isle  of  Man. 
Most  of  such  coastal  water,  no  doubt,  runs  clear  of  the 
south  end  of  the  Calf  Island  in  the  ebb  tide  setting 
past  the  Chicken  Kock  towards  St.  George's  Channel.  An 
inspection  of  the  arrows  on  the  Charts  (figs.  8  and  !J) 
will  show  the  trend  and  influence  of  these  various  tidal 
streams. 

The  effect  of  these  strong  currents,  especially  at  the 
time  of  spring  tides,  upon  the  influence  of  the  prevalent 
winds  must  be  very  great,  and  is  very  difficult  to  estimate, 
as  the  influence  is  reciprocal,  and  there  are  all  gradations 
between  high  springs  and  low  neaps  in  the  tides  and 
between  calms  and  gales  in  the  winds ;  and  yet  all  thes(! 
conditions  must  play  their  part  in  modifying  the 
distribution  of  the  plankton,  either  by  mixing  waters 
and  organisms  of  dift'erent  source  or  by  driving  a 
planktonic  assemblage  from  or  to  some  area.  Swarms 
may  conceivably  be  sometimes  caused  and  sometimes 
dispersed  by  such  combined  influences  of  tide  and  wind. 

Finally,  we  must  emphasise  once  more  the  marked 
contrast  in  physical  conditions — and  possibly  in  plank- 
tonic contents,  although  this  has  not  yet  been  sufficiently 
demonstrated     between  the  part  of  the  Irish  Sea  that  lies 
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to  the  east  and  that  to  the  west  of  the  Isle  of  Man  (see 
fig.  8).  Tlie  eastern  part  is  the  wide  shallow-water 
area  (discnssed  in  the  main  by  Mr.  -lohiistone  and 
Dr.  Bassett  in  their  articles  on  the  temperatnres  and 
salinities  of  the  Irish  Sea  in  this  report),  where  the  daily 
rush  of  the  tides  mixes  np  the  waters  to  such  an  extent 
that  any  distinctive  characters  indicative  of  orip-in  are 
obliterated.  The  water  to  the  west  of  the  Isle  of  Man.  on 
the  other  hand,  is  so  much  deeper,  and  that  deep  water  is 
of  such  extent,  that  if  the  floor  of  the  Irish  Sea  were  raised 
so  as  to  connect  the  Isle  of  Man  with  Lancashire,  there 
would  still  be  a  wide  western  channel  between  Port  Erin 
and  Ireland  not  very  different  in  extent  from  tliat  seen  at 
present.  Moreover,  this  deep-water  area  Avest  and  south 
of  the  Isle  of  Man  (see  iig.  8)  is  precisely  the  re<)-ion 
marked  on  the  Admiralty  Charts  as  havino^  no  perce])tib]c 
lidal  stream.  For  these  reasons  we  consider  it  a  jnior/ 
probable  that,  for  example,  the  water  of  over  50  fathoms 
in  depth  may  show  stratification  in  both  its  physical  and 
its  biological  characters  which  will  indicate  the  nalni(> 
and  origin  of  the  layers.  'Mr.  -lohnstonc  tells  us  thai  he 
got  no  indication  of  such  layers  in  th(>  deep  water  at  a 
point  further  north  between  the  Midi  ol'  (ialloway  and 
Ireland;  but  on  the  other  hand,  our  mid-clianncl 
Stations  A  and  B,  at  64  and  7-1  fathoms  rcspecti^■ely,  and 
in  the  comparatively  still  area  referred  to,  ami  in  the 
observations  we  took  at  these  stations  last  summei', 
Mr.  Drew  considers  we  got  evidence  of  stratification.  It 
is  evident  that  th(>  wlndc  mattcu'  r('(|uires  fuilher  iincsti- 
gation  ;  but  we  must  insist  in  the  meantime  on  the  obvious 
difference  in  character  between  the  wide,  shallow,  sandy 
eastern  part  of  the  Irish  Sea  and  the  deep  channel  lying  io 
the  west  of  the  Isle  of  Man.  (Jbscrvat  ions  made  in  the 
f)n;r  area,  or  ooncdusions  drawn  from  thcin,  must  not  be 
regarded  as  applicable  to  the  whole  of  the  Irish  Sea. 
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DISCL'SSIOX    OF    THE    GROUPS. 

We   uow  retiii'Q  to   the  plaukton  results,   and   shall 
cousider  first  the  leadinof  groups  captured  inside  the  bay. 

Bay  Diatoms  ix  1908. 
The  number  of  Diatoms  per  haul  in  Port  Erin  Bay 
starts  with  6,200  on  January  4th,  and  rises  gradually 
through  an  average  of  8,995  in  -January,  19,025  in 
February,  66,831  in  March,  to  484,419  in  April.  There 
is  a  sudden  increase  in  the  middle  of  April  from  04,750 
on  April  7th  to  329,450  on  April  1-ith,  and  after  that  the 
numbers  rapidly  rise  to  1,775,700  on  April  29th,  to 
2,290,000  on  May  20th,  and,  with  falls  between,  to 
2,873,150  on  May  28th,  and  2,191.250  on  May  30th.  The 
numbers  keep  high  during  the  fij'st  week  of  -Tune,  drop 
in  the  middle  of  the  month,  and  rise  again  to  over  one  and 
a  half  millions  at  the  end  (with  an  exceptional  haul 
of  over  three  and  a  half  millions  in  the  coarse  net 
on  June  30th) ;  after  which  there  is  a  rapid  fall  in 
the  first  half  of  Julv  leading  to  a  still  further  reduction 
in  August — when  Diatoms  are  practically  absent.  On 
September  14th  the  numbers  have  risen  again  to  6,800  in 
the  fine  net,  and  2,400  in  the  coarse  net;  but  the  average 
for  the  month  is  only  1,413,  taking  both  kinds  of  net  into 
consideration.  The  numbers  are  higher  for  October, 
reaching  149,300  in  the  fine  net,  on  the  16th,  but  dropping 
again  to  2,700  at  the  end  of  the  month.  On  Xovember 
2nd  they  rise  to  6,830  and  on  Xovember  6th  to  over  7,700, 
but  drop  again  by  the  30th  to  1.800.  and  on  December 
4th  to  1,230,  on  December  15th  to  210.  and  on  the  23rd 
to  330.  The  numbers  taken  in  the  coarse  nets  durino- 
December  are  much  higher,  14,500  on  December  4th, 
5,600  on  the  15th,  9,030  on  the  23rd,  and  5,700  on  the 
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•)Otli,  making  an  average  of  5,228  per  haul  for  tlic  nioulh, 
taking:  both  nets  into  consideration. 

When  compared  witii  kist  yeai-'s  curve,  tke  above 
record  shows  that  in  spring  the  usual  great  increase  in 
number  of  Diatoms  was  much  later  in  1908.  The 
numbers  are  lower  in  January,  February  and  March,  and 
the  sudden  rise  does  not  begin  until  further  on  in  April, 
although  it  afterwards,  late  in  April,  when  Diatoms  Avere 
almost  absent  in  1907,  attains  to  a  much  greater  height. 
But  perhaps  the  most  remarkable  feature  of  this  year's 
phyto-plankton  is  the  enormous  increase  in  May,  reaching 
nearly  three  millions  per  single  15  minutes'  haul  across 
the  bay  at  the  end  of  the  month.  In  fact,  with  occasional 
drops,  the  number  is  up  in  the  millions  for  a  great  part  of 
the  two  months  May  and  -Tune — a  period  wlien  the 
numbers  were  not  at  all  high  in  1907. 

From  the  middle  of  July  onward  there  is  no  grc.il 
difference  between  the  two  years.  This  year,  again,  iu 
August  Diatoms  are  practically  absent,  and  again  there 
is  a  second,  but  lesser,  late  autumn  maximum.  This 
rise  is,  hoAvever,  in  1908  not  until  the  third  week  of 
October,  after  which  the  figuT(>s  kocj)  low,  under  10, 000 
per  haul  (with  one  rise  to  14,500),  throughout  November 
and  December.  Both  the  spring  and  the  autumn  maxima 
were  tlius  much  later  than  in  1907,  and  the  numbers  al 
Diatoms  obtained  in  individual  hauls  wcic  not  nearly  so 
great  at  eithei'  time  of  3'ear— reaching  to  not  quite 
150,000  in  autumn  this  year  as  against  18,000,000  and 
16,000,000  in  1907. 

Just  as  it  has  been  lound  necessary  to  analj^se  the 
total  plankton  into  its  constituent  gj-oups,  since  Diatoms 
and  Copepoda,  for  exanjple,  do  not  reach  their  maxima 
at  the  same  season,  so  it  may  in  some  groups  be  necessary 
to    analvse    the    totals    still    further    and    consider    the 
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distribution  of  the  separate  genera  or  even  species 
throughout  the  year.  The  Diatoms  and  the  Copepoda 
are  certainly  such  groups,  as  we  have  in  each  ease 
abundant  evidence  that  ditterent  representatives  of  the 
group  flourish  best  at  different  seasons.  Consequently 
we  have  now  picked  out  from  the  Diatom  records  the 
detailed  occurrence  of  the  five  leading  genera,  Biddnlphia , 
Chaetoceros,  Coscinodi^eus,  Bhizof^olciria  and  l^halassiosira, 
witli  the  results  e-iven  in  the  followino-  lists:  — 


Bay  Diatoms,  in  1908,  belonging  to  the  five  genera. 


Biddul- 

Chaeto- 

Coscino- 

Rhizo- 

Thalas 

Date. 

pliia. 

ceros. 

discus. 

solenia 

siosira 

Jan.  4  .. 

2,000 

1.700 

2,150 

0 

0 

7  .. 

3,850 

1.500 

2,100 

0 

0 

„      14  .. 

6,700 

225 

4.375 

0 

0 

„  20  .. 

7,500 

1,050 

2,725 

0 

0 

Feb,  4  .. 

10,000 

750 

4,800 

0 

0 

„   6  .. 

15.500 

1,625 

6,800 

0 

0 

„   10  .. 

1,300 

200 

2.300 

0 

0 

„      13  .. 

9,000 

800 

5,600 

0 

0 

„  17  .. 

15,000 

1,500 

22,250 

0 

0 

Mar.  4  .. 

24,500 

700 

6,800 

0 

0 

.,  11  .. 

8,000 

150 

5.000 

75 

0 

„  17  .. 

50,000 

12,000 

65,000 

0 

0 

„  21  .. 

52,000 

9,200 

33,000 

0 

0 

Apr.  2  .. 

14,000 

6,250 

25.000 

0 

0 

„       7  .. 

33,000 

10,250 

21.500 

0 

0 

.,   13  .. 

145,000 

48.000 

119.700 

4,700 

2,000 

„   14  .. 

115,000 

40,100 

120,000 

6.000 

14,000 

„      16  .. 

155,000 

73,750 

34,500 

0 

0 

„  17  .. 

73,500 

62.000 

19,750 

0 

500 

.,   18  .. 

100,000 

61,000 

88.000 

2,000 

2,500 

„  18  .. 

71,000 

51,000 

85,000 

1,000 

1,300 

„  20  .. 

45,000 

248.000 

59,000 

0 

2,000 

„  21  .. 

47,500 

129,000 

53.000 

500 

0 

„  21  .. 

25,500 

128.500 

52,000 

1.000 

500 

,,  21  .. 

26,000 

113,000 

51,000 

500 

0 

„  21  .. 

31,000 

261,000 

46,000 

500 

250 

M  22  ... 

47,000 

217,125 

54,000 

1.250 

3,500 

„  22  .. 

25,000 

354.000 

27,000 

750 

1,000 

»  22  .. 

25,000 

282.750 

47,000 

500 

1,500 

»  23  .. 

45,500 

302,750 

14,500 

250 

8,000 

„  23  ... 

53,000 

730,000 

40.000 

3,000 

2,000 

„  23  ... 

46,000 

873,500 

35,500 

2.500 

1,000 

„  24  ... 

41,000 

435.000 

26,000 

3.500 

3,000 

„  24  ... 

45,000 

608,000 

27.500 

3,500 

4,000 

„  25  .. 

78.025 

584.625 

9.625 

5.000 

2,000 

„   25  ... 

4t).()(H) 

S3(i.0()0 

5,400 

s.ono 

0 

„   25  ... 

44.000 

8 1  G.OUU 

6.50U 

7,500 

0 
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Biddul- 

Ohaeto- 

Coscino- 

Rhizo- 

Thala.s 

Date. 

phia. 

ceros. 

di.scus. 

solenia. 

siosira 

Apr.  27  ... 

81,000 

1.245.000 

18.000 

7.000 

15,000 

..   29  ... 

95.500 

747.750 

12,G25 

7,500 

65,000 

Mav  12  ... 

1.125 

25.000 

G.G25 

750 

250 

.,  '  20  ... 

0 

2.005.000 

5,000 

150.000 

80.000 

.,   2G  ... 

0 

187.500 

500 

122,000 

0 

..   28  ... 

0 

2.348.500 

5.000 

465.000 

500 

..   30  ... 

125 

935.000 

125 

(580,000 

750 

.Time  2  ... 

0 

817.500 

0 

705,000 

2.500 

4  ... 

0 

367,000 

2.500 

1.137,500 

7.5(W 

6  ... 

0 

78.500 

100 

325.000 

0 

,.   10  ... 

0 

12.750 

500 

0 

0 

..   12  ... 

0 

375 

500 

21.000 

0 

,.   18  ... 

II 

135.500 

2,500 

;590,000 

0 

,.   25  ... 

0 

47.500 

0 

1.13.5.000 

0 

..   30  (c.) 

0 

4.000 

500 

3.519.000 

0 

Julv  2  ... 

0 

25.000 

0 

1.032,500 

0 

..  '   7  ... 

0 

5.500 

0 

128,000 

0 

,.   14  ... 

0 

875 

125 

1 1.600 

0 

„   21  ... 

0 

1,975 

250 

30.125 

0 

..   27  ... 

1) 

150 

0 

375 

0 

Aug.  5  ... 

0 

500 

0 

0 

0 

,,    5  ... 

0 

0 

0 

0 

0 

7  ... 

0 

750 

0 

300 

0 

7  ... 

0 

300 

0 

0 

0 

,.   18  ... 

0 

2.80(» 

0 

300 

0 

„   2(5  ... 

0 

1.200 

(iOO 

900 

0 

,.   28  ... 

0 

GO 

GO 

30 

0 

„   28  ... 

0 

100 

(1 

150 

0 

„   29  ... 

0 

25 

II 

0 

0 

.,   29  ... 

II 

50 

0 

20 

0 

Sept.  14  ... 

1.1  so 

3.310 

IGO 

SO 

0 

„   IG  ... 

900 

375 

0 

0 

0 

„   17  ... 

12 

350 

25 

0 

0 

„   21  ... 

400 

400 

40 

0 

0 

„   22  ... 

825 

1..505 

40 

.50 

0 

„   24  ... 

405 

520 

25 

0 

0 

„   25  ... 

100 

325 

0 

0 

0 

„   28  ... 

210 

440 

0 

0 

0 

„   29  ... 

450 

300 

25 

12 

0 

„   30  ... 

710 

450 

82 

0 

0 

Oct.   1  ... 

970 

875 

G5 

20 

0 

2  ... 

2,125 

1.850 

25 

25 

0 

3  ... 

2,190 

3.7.50 

G5 

25 

0 

„    5  ... 

3,950 

5.400 

2(50 

100 

0 

G  ... 

1,850 

12,800 

125 

200 

0 

7  ... 

1,350 

9.550 

150 

200 

0 

8  ... 

1,100 

5,300 

150 

250 

0 

9  ... 

2,750 

1,775 

125 

50 

0 

„   12  ... 

275 

3.275 

100 

150 

0 

„  .13  ... 

800 

18.(500 

700 

1.200 

0 

„   U  ... 

500 

1,1.50 

250 

25 

0 

„   15  ... 

400 

25,800 

350 

1.150 

0 

,.   IG  ... 

900 

70.050 

550 

G50 

0 

„   17  ... 

3' Ml 

14,195 

480 

175 

0 

19  ... 

592 

3,200 

80 

12 

0 
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Biddul- 

Chaeto- 

Coscino- 

Rhizo- 

Thalas- 

Date. 

phia. 

cerort. 

discus. 

solenia. 

siosira. 

Oct.    20  ... 

525 

1,500 

62 

50 

0 

.,     23  ... 

112 

550 

50 

12 

0 

„     24  ... 

150 

1,172 

62 

25 

0 

„     26  ... 

325 

1,775 

237 

12 

0 

„     28  ... 

365 

3,855 

260 

15 

0 

„     29  ... 

280 

2.455 

505 

50 

0 

Nov.    2  ... 

1,090 

3,050 

645 

15 

0 

6  ... 

1.750 

2,405 

915 

105 

0 

„      10  ... 

1,620 

435 

840 

65 

0 

„      13  ... 

3,375 

2,762 

612 

37 

0 

„     30  ... 

2,185 

715 

530 

0 

0 

Dec.     4  ... 

4,190 

2.630 

955 

15 

0 

„      15  ... 

1.990 

500 

415 

0 

0 

.,     23  ... 

3,300 

425 

880 

0 

0 

„     30  (c.) 

5,000 

200 

500 

0 

0 

In  eomparinop  curA^es  drawn  from  these  lists,  it  is 
found  that  the  curve  for  the  total  Diatoms  in  the  bay 
from  January  to  April  practically  agrees  with  the  curves 
of  Bidiht] p]ii<i  and  Coscinodii<cusi,  and  these  two  ag-ree 
with  o]ie  another.  From  April  20th  onwards  the  maxima 
are  caused  in  turn  by  Chactoceros  dehUe  on  April  29th,  by 
C.  sociaJe  in  May,  by  C.  sociale  and  C.  teres  and  Rliizo- 
solenia  in  early  June,  and  by  IRhizosolenia  and  Gi(in/irdia 
flaccida  in  late  June  and  early  July.  The  maxima  iu 
total  plankton  catch  coincide  with  the  above-noted  Diatom 
maxima,  with  the  exception  of  that  on  June  10th, 
apparently  caused  by  Evadne  and  Copepoda.  Biddidph'ui 
and  Coscinodiscus  influence  the  value  of  the  total  catch 
apparently  far  more,  in  pro])ortion  to  their  actual 
numbers,  than  do  Chaetoceros  and  Rhizosolenia.  This  is 
no  doubt  due  to  their  larger  size  individually. 

It  will  be  noticed  that  the  maximum  for  Biddidphia 
and  for  Coscinodiscus  is  about  the  middle  of  April,  for 
Chaetoceros  lite  in  May,  and  for  RJtizosolenia  at  the  end 
of  June.  The  minima  also  differ,  Biddtdj)1iiu  being 
practically  absent  when  Chaetoceros  and  Rhizoscjlenia  are 
present  in  greatest  abundance. 

In  considering  how  the  chief  elevations  in  the  Diatom 
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CTirve  throuofliout  tlie  year  are  caused.  Ave  find  that 
Biddiil phid  mobiliensis  is  one  of  the  earliest  species  to 
appear,  and  is  responsible  for  the  moderate  rises  in 
Fehruarv  and  March.  The  earliest  of  the  April  forms  arc 
Cosr/noillsfK.^  r(i(li(itii.<  ;ind  C.  eoiiciiuiu.-t.  which  Houiish, 
along  with  Biddul pliia  tiiohi/iensis,  in  the  middle  of  April, 
and  arc  followed  by  Chactoceros;  dchi/c  at  the  end  of  the 
nioiiili.  In  May  the  great  rise  to  between  two  and  three 
millions  is  caused  by  Cluicfoceros  socudc,  and  in  the  early 
])art  of  June  by  that  same  species  along  with  Chaeioceros 
fens,  C.  dcbilc,  Rhizoaolenia  se/rnspiiia  and  Rh.  shrubsolei. 
The  great  elevation  at  the  end  of  June  and  beginning  of 
July  is  mainly  caused  by  the  same  two  species  of  Rhizo- 
soletiid,  along  with  Guindrdia  flaccida.  The  rise  in  the 
middle  of  October  is  due  to  Chactoceros  decipiens.  and  Clt. 
riiophil iini  ;  and  after  that  period  no  species  is  sjiecially 
;il)uii(hiiit  (luring  the  remainder  of  the  year. 

('  hditoceros  contortuni  and  Thala-isiosird  vordrn- 
sk/i>/(//>\  which  were  mainly  responsible  for  the  spring 
m;ixiiuuiii  ill  1907,  have  been  less  prominent  this  year, 
the  former  reaching  only  to  (iU.OOO,  on  April  2'}rd,  and 
the  latter  80,000,  on  May  20th,  as  against  the  millions 
present  per  haul  in  the  previous  year,  lint  perhaps  tlie 
greatest  contrast  between  the  two  years  in  the  prevalence 
of  Diatoms  is  seen  in  September,  when  in  1907  thirteen 
millions  and  sixteen  millions  of  one  species,  Ix/iizosolcn/d 
aemispina,  were  taken  in  two  simultaneous  hauls  of  Ihe 
surface  nets  at  Station  III ;  at  a  time  and  locality  when 
in  190(S  Diatoms  as  a  whole  were  few  and  UhizosoJinid 
srmispina  was  almost  absent,  the  greatest  haul  being  (S.OOO 
at  Station  III  on  September  15th. 
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Bay  Dixoflagellata  ix  1908. 
During  the  first  quarter  of  1908,  the  Dinoflagellates 
kept  between  150  and  750  per  haul,  witli  one  rise  to  1,000 
on  February  17th.  On  April  l-'Jth  there  was  a  sudden 
rise  to  -"JjlOO,  folhjwed  by  rapid  tiuetuations  between  0 
und  2,500  until  Maj-  20tli,  wlieii  there  was  another  sudden 
rise  to  80,000.  The  numbers  then  dropped  by  two  steps 
to  7,250  on  May  28th,  rose  by  three  steps  to  l-)5,000  on 
June  4tli,  dropped  to  1^1,250  on  June  18th,  rose  again  to 
l')T,500,  the  highest  point  reached,  on  July  2nd,  dropped 
suddenly  to  18,000  on  July  7th,  and  1,125  on  July  14t}i. 
Then  there  is  an  upward  trend  to  a  maximum  of  52,250 
on  August  5th,  after  which  the  curve  shows  a  general 
downward  trend  to  125  and  170  on  August  29th.  During 
September  the  numbers  are  still  small.  In  ten  hauls  with 
coarse  nets,  only  twice  were  any  Dinoflagellata  cauglit-- 
on  September  14th  and  21st,  witli  100  aiid  4,000  respec- 
tively. With  the  fine  nets  the  numbers  varied  from  0  to 
nearly  2,000,  until  September  ^jOth,  when  we  got  0,050. 
From  October  1st  to  l-3th  catches  from  the  coarse  nets  rose 
irregularly  from  0  to  1,000,  and  fluctuated  during  the 
rest  of  the  month  from  0  to  500 ;  and  from  the  fine 
nets  they  started  on  October  1st  at  1,600,  rose  on  the  2nd 
to  1,900,  then  dropped  through  850  and  800  to  0  on 
the  Gth,  rose  again  to  5,400  on  the  13tli,  and  kept  rangino- 
from  0  to  -'5,100  during  the  rest  of  the  month.  On 
November  2nd,  Gth  and  10th,  three  hauls  with  coarse  nets 
caught  none,  but  the  number  rose  on  the  1-jtli  to  75,  and 
on  the  oOth  to  240  :  while  with  the  fine  nets  the  numbers 
range  from  GO  to  1,100  on  the  loth.  In  December  tlie 
numbers  continued  to  keep  low,  the  highest  being  510  on 
December  4th  in  the  fine  net,  and  dropping  to  240  on  tlie 
2ord,  while  the  numbers  with  the  coarse  nets  ranged 
from  none  to  100. 
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If  we  compare  tlie  above  record  witli  tliat  for  1907 
we  find  that  diiri]i<>-  Iho  first  four  mouths  in  the  present 
year  numbers  are  generally  lower,  with  a  maximum  at 
about  r!,000  only,  as  against  S.OOO  on  April  19th.  1907. 
On  the  other  hand,  from  the  middle  of  May  io  the  middle 
of  July,  the  period  in  which  the  highest  catches  (up  to 
1-37,500  on  July  2nd)  were  made  in  1908,  the  numbers  in 
1907  ranged  from  -375  to  3, -375  only.  In  August  and 
Sepiember  again  the  catches  were  rather  higher  in  1907 
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Fk;.  II. 
1li;iii  ill  ]iH),S.  .\(i  DiiinHiioclIiiic^;  were  ciUlglli  (fouv  hauls 
only)  in  Octobei-.  11)07.  wliilc  in  190S  (many  more  hauls) 
they  ranged  up  to  3.100.  'The  numbers  for  November 
and  December  were  slightly  lowci-  this  year  than  last. 
'i'lie  above  comparison  and  :iii  inspccl  ion  of  the  super- 
imposed curves  for  the  l\\f>  yeai's  (fig.  11)  shows  ;il  nncc 
(hat  ihe  cliicl'  di  IVeieuces  arc  due  ni;i!n]\  io  the  ni;i\ini;i 
beinji'    lutci     in     iDOiS      the    "Ji-ical    (•;i]l\-    summei    (devutioij 
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being  iu  May  to  July  in  plare  of  April,  and  tho  a\itumn 
increase  in  October  lieiiio-  about  a  month  later  than  in 
1907.  The  varions  elevations  are  also  seen  to  be  mnch 
hi*?her  in  1908. 

Bay  Copepoda  I^^  1908. 

The  Copepoda  in  1908  show  at  least  three  distinct 
maxima,  at  the  end  of  March,  the  middle  of  June,  and 
in  September  and  October.  An  unusually  large  haul  for  a 
winter  gathering  (1,170 — mainly  composed  of  Pseitdora- 
Janiis  elongatus,  Acartia  ciaiisi,  and  Oithona  similis)  wa- 
obtained  on  January  7th,  and  from  this  there  was  a 
gradual  but  fluctuating  decrease  to  152  on  March  llih, 
then  a  sudden  rise  to  '},8'j0  on  March  17th,  after  wliich 
the  numbers  keep  up  till  April  2nd,  followed  by  a  sudden 
fall  to  420  on  April  7th.  The  value  tliictuates  from  0 
to  500  till  April  18th,  when  it  rises  to  1,280.  Further 
lapid  fluctuations  lead  to  an  elevation  of  2,520  on  April 
25th.  There  is  then  a  fall  to  18  on  May  12th.  From  this 
point  the  value  rises  quickly,  thtjugh  gradually,  to  o,792 
on  June  4th,  drops  to  ^^25  on  June  (ith,  rises  again  to 
4,'j14  on  June  lOth,  drops  to  150  on  June  25th,  after 
which  the  value  keeps  fairly  low  (witli  the  exception  of 
a  rise  to  2,0-")5  on  August  7th)  until  the  end  of  August. 

On  June  oOth  an  exceptional  15  minutes'  haul  was 
taken  with  a  coarse  net  (Xo.  (i  silk)  wliicli  gave  22  c.c. 
of  total  catch,  including  8,650  Copepoda,  as  against  150 
Copepoda  on  June  25th  and  •i-)2  on  -inly  2nd  with  the 
ordinary  fine  nets. 

Beginning  with  September,  both  coarse  and  fine  nets 
were  used  in  the  bay  as  well  as  outside,  as  follows:  — 

Coarse  Xets  . — On  September  14tli  the  number 
is  64,470  —  this  drops  steadily  by  three  steps  to 
2,870  on  September  21st,  rises  again  to  11,740 
on  September  28th,  and  drops  to  4,609  on  Sep- 
tember    30th,       It     fluctuates     in     the     tirst     week     in 
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October  behveen  2,650  and  9,000:  ilieu  on  October  Sth 
is  a  sudden  rise  to  33.970,  a  diop  on  October  9ili  to 
12,120,  and  a  rise  on  October  12tli  to  39,000:  13t]i 
19,540  ;  14tli  :55,200  :  15tli  16,480  ;  16th  16,500  :  and  then 
fluctuates  between  this  and  11,958  until  October  29th. 
when  there  is  anotlier  rise  to  23,780.  Xovember  2nd 
shows  a  drop  to  19,065,  and  for  the  rest  of  the  month  the 
number  fluctuates  from  2,794  to  5,340.  Finally  the  curve 
rises  steadily  from  3,925  on  December  4th  to  7,650  on 
December  30th. 

Fine  Nets  . — Starting-  on  September  14th  at  3,545 
the  number  drops  suddenly  on  the  16th  to  567  and  on  the 
17th  to  207;  on  the  21st  rises  to  4,640:  then  drops 
steadily  to  2-")l  on  the  29th,  but  rises  to  91.",  on  the  ■".Oth  : 
drops  to  727  on  October  1st,  rises  on  the  2iid  to  1,029: 
on  the  3rd  and  5th  the  numbers  aie  90-"*,  and  90]  rcspec- 
tivelv.  Th('7-e  is  a  sudden  rise  on  Oclobci'  6th  to  12,560, 
a  dro])  bv  thi'ee  steps  to  -'Ul  on  ()clol)cr  9th,  a  ris(>  by  two 
steps  to  1.895  on  0(-tober  131  h  :  (lro])s  a<>';iin  to  less  than 
600  on  October  14th  and  15th  :  a  sudden  rise  to  2,880  on 
October  Kith:  dro|)s  to  468  on  Octobei'  17th:  285  lui  the 
19th;  457  on  20th;  255  on  23rd:  941  on  24th  :  and  525 
on  26th.  Then  rises  to  1,077  on  28th  then  drops 
steadily  to  160  on  November  10th  ihis  is  doubled  on  the 
13th,  but  drops  again  to  94  on  December  4th  and  iis(>s 
throuffh  121  U)  261  on  December  23i(l. 

The  first  fopepod  maximum  is  due  to  a  sudden 
inerease  of  the  tw  ^  species  Psemloealani/s  clo'ii (jaf'K a  and 
OitJioini  s/iin'/is.  \\"\{\\i)\[\  these  species  the  numbei's  foi- 
March  17th  ;iim1  2Ki  and  April  2nd  fcsix'ct  i  vely  ai'e  only 
130,  26,  and  IK).  'I'he  maximum  in  -lune  is  mainly 
composed  of  Oitho7ui  sjmih's  and  'rnnora  Io7U//rnrn /.<,  in 
September  of  PxeiidnniJa/ms  ;\n(]  Oi/Iuniti,  and  in  Oelobej 
of  the  same  two  foi'nis  with  llo'  aihliiion  oi'  Acarl/a  (laimi. 
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Oil  comparin-i-  with  the  Copepod  record  for  1907,  we 
find  that  the  numbers  are  not  nearly  so  hi^L  for  tlie  first 
half  of  tlie  present  year.  In  1907  the  Copepoda  rose  to 
nearly  -•50,000  on  April  •.>7th  and  15,000  in  Tune,  as 
compared  witli  about  4.000  this  year.  Then  a<>'ain  on 
October  14tli,  1907,  the  record  reached  27,000.  while  thi> 
year  the  only  high  record  in  autumn  is  12,500  on 
October  6th. 

AVe  have  taken  out  for  se])arate  treatment  the  six 
more  important  species  of  Copepoda  (viz.,  Calanus 
Jieh/olandkus,  Piseiidocalanus  donga  tvi<,  Acaitia  ehiuai, 
Oitlxonn  siinilis,  Temora  longiroriiis,  and  Paracdlanux 
parvus)  with  the  results  shown  in  the  followinn:  list:  — 

Bay  Copepoda,  ix  190(S,  i!EL0X(iiN(;  to  the  six  gexeka. 


Date. 
Jan. 


Feb. 


Mar. 


Apr. 


Pseudo- 

Paraca 

Calanus. 

calanus. 

Acartia. 

Oithona. 

Temora. 

lamis. 

4 

6 

250 

160 

450 

0 

300 

7 

15 

450 

312 

288 

0 

83 

U 

1 

0 

10 

200 

0 

80 

20 

S) 

10 

100 

640 

0 

150 

4 

4 

30 

5 

300 

0 

50 

6 

17 

175 

10 

400 

2 

100 

10 

0 

150 

0 

15 

1 

15 

13 

0 

60 

40 

10 

0 

0 

17 

0 

75 

30 

55 

0 

10 

4 

•) 

150 

10 

215 

0 

5 

11 

0 

2 

0 

150 

0 

0 

17 

30 

2.400 

40 

1,300 

(iO 

0 

21 

1 

2,500 

20 

600 

•l 

0 

•T 

0 

1.500 

60 

2,45(1 

40 

0 

7 

0 

250 

80 

80 

10 

0 

13 

0 

0 

0 

0 

0 

0 

14 

0 

300 

80 

10 

20 

0 

16 

0 

(J5 

<)() 

r> 

5 

0 

17  (c.) 

0 

1.500 

825 

75 

60 

0 

17 

0 

310 

50 

0 

10 

0 

18 

0 

1.000 

200 

40 

40 

0 

18 

0 

500 

20 

20 

40 

0 

20 

0 

180 

15 

0 

3 

0 

21 

0 

825 

30 

15 

300 

0 

21 

0 

600 

15 

15 

450 

0 

21 

1 

840 

30 

15 

150 

0 

21 

0 

780 

30 

15 

180 

0 

22  (c.) 

0 

680 

20 

0 

100 

0 

22 

0 

125 

10 

0 

15 

0 

22 

0 

65 

10 

3 

50 

0 

22 

0 

100 

5 

5 

75 

0 
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I'hcudo- 

Paraca- 

Date. 

CaUuus. 

calanus. 

Acartiii 

I.     Oithona. 

Temora. 

lanus. 

Apr.   23  (c.) 

0 

12 

30 

0 

40 

0 

„     23 

0 

19 

1 

0 

1 

0 

„     23 

0 

550 

30 

0 

30 

0 

.,     23 

1 

275 

5 

0 

5 

0 

„     24 

0 

140 

10 

0 

15 

0 

„     24 

0 

150 

20 

0 

30 

0 

„      25  (c.) 

0 

900 

100 

0 

200 

0 

„      25 

0 

100 

20 

0 

50 

0 

,.     25 

0 

2,250 

10 

50 

210 

0 

.,     25 

0 

500 

10 

50 

210 

0 

„     27 

0 

260 

l.-)0 

30 

180 

0 

„      29  (c.) 

8 

•2,000 

150 

0 

165 

0 

..     29 

0 

650 

40 

0 

60 

o 

^fay   12 

0 

13 

1 

2 

•-> 

0 

,.      20 

0 

35 

25 

5 

60 

0 

„     26 

3 

100 

80 

0 

265 

0 

„     28 

0 

170 

110 

10 

225 

0 

.,     30 

5 

75 

200 

325 

205 

0 

June    2 

15 

175 

125 

600 

365 

0 

4 

15 

113 

225 

3,200 

188 

0 

6 

0 

0 

10 

320 

5 

0 

„      10 

210 

60 

2()0 

1,700 

2,000 

20 

„      12 

183 

250 

105 

400 

1,!»00 

0 

„      18 

27 

150 

330 

2,590 

230 

0 

..     25 

1 

5 

18 

68 

50 

0 

Ji.1v     2 

50 

38 

43 

158 

30 

0 

.,'      7 

8 

5 

8 

50 

8 

0 

„      14 

13 

8 

90 

5 

15 

0 

,,     21 

18 

20 

10 

20 

75 

3 

..     27 

15 

0 

113 

38 

30 

0 

Aug.     5 

5 

60 

50 

470 

100 

5 

5 

30 

170     . 

110 

1,000 

160 

0 

„       7 

1 

20 

40 

850 

60 

5 

„       7 

5 

60 

40 

1,750 

170 

0 

„      18 

3 

122 

25 

375 

15 

0 

„     2() 

65 

125 

15 

745 

215 

6.1 

„      28 

2 

2 

0 

33 

12 

1 

„     28 

20 

10 

0 

100 

40 

o 

„     29 

8 

15 

0 

55 

20 

:{ 

„     29 

12 

14 

0 

160 

12 

■> 

Sept.  l-t(c.) 

1,370 

10.000 

(>()0 

•10.000 

3.000 

9.000 

,-      14 

15 

200 

100 

2,000 

70 

l.-)0 

„      16  (c.) 

2,000 

18.000 

l..-)00 

17.000 

300 

7,500 

„      16 

22 

220 

25 

250 

15 

20 

„      17(c) 

550 

3,750 

350 

10,000 

300 

1,750 

»      17 

7 

85 

20 

70 

5 

15 

„     21  (c.) 

30 

910 

270 

1,135 

80 

430 

„     21 

5 

1,400 

100 

2,720 

100 

260 

»      22  (c.) 

o 

1.250 

3,500 

2,200 

300 

(UO 

22 

0 

100 

120 

750 

3 

50 

"      24  (c.) 

46 

3.000 

1 .900 

1,150 

260 

800 

„     24 

5 

180 

300 

600 

20 

30 

„     25  (c.) 

25 

5,000 

1,000 

1,650 

300 

1,100 

„     25 

30 

55 

450 

180 

30 

80 

„     28  (c.) 

(10 

:$.75(» 

1.8.30 

:!.7()0 

140 

2,000 

„     28 

1 

160 

80 

2.50 

40 

75 

.,      2'.t(.'.) 

Ul! 

2.7.-.<i 

2.(i:{0 

:i,4(io 

150 

900 

„     29 

0 

65 

70 

75 

1 

15 

„       30  (r.) 

1 

400 

640 

2,240 

15 

1,280 

„     30 

3 

100 

40 

666 

10 

176 

N. 
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Pseuclo- 

Paraca 

Date. 

Calauu^i. 

calanUH. 

Acai'tia. 

(Jithoiia. 

Temora 

.  lani;s. 

Dot.   1  (c.) 

1 

900 

520 

2,600 

40 

1,800 

1 

0 

235 

30 

300 

4 

155 

„   2(c.) 

5 

2.750 

1,450 

1,650 

50 

1,650 

„       2 

2 

280 

470 

190 

2 

80 

„   3{c.) 

0 

1.500 

380 

1.620 

100 

530 

»   3 

1 

300 

250 

200 

P 

150 

„   5  (c.) 

0 

600 

760 

2,000 

0 

400 

„   5 

0 

120 

220 

520 

3 

35 

,,   6(c.) 

0 

190 

1.350 

840 

15 

175 

6 

0 

1,200 

8,000 

1,700 

120 

1,300 

.,   7(c.) 

40 

3.600 

1,000 

920 

120 

3,000 

„   7 

25 

1.100 

1.200 

500 

20 

480 

„   8(0.) 

!W0 

!t.200 

11.000 

2.750 

60 

10.000 

8 

300 

300 

1,000 

600 

20 

300 

„   i)(c.) 

400 

2,800 

2.600 

0 

80 

6,000 

9 

4 

75 

75 

125 

5 

55 

„   12  (c.) 

4,500 

7,000 

9,500 

10,000 

200 

7,500 

„   12 

100 

80 

45 

415 

1 

40 

„   13  (c.) 

480 

1.800 

3.500 

10.000 

30 

3,700 

„   13 

50 

100 

275 

1,170 

0 

300 

..   14(0.) 

6U0 

11.250 

2.600 

16.500 

0 

4,250 

.,  u 

15 

125 

40 

275 

1 

100 

„   15  (c.) 

80 

8,200 

2.000 

3.200 

0 

3,000 

„   15 

10 

20<) 

90 

150 

1 

75 

„   16  (c.) 

0 

2,500 

4.500 

6.500 

0 

3,000 

„   16 

0 

150 

180 

2.500 

0 

50 

„   17  (c.) 

40 

1,100 

450 

12,200 

0 

1,650 

„  17 

1 

20 

65 

350 

0 

30 

„   19  (c.) 

0 

400 

7.500 

6,350 

5 

430 

„   19 

0 

20 

30 

225 

0 

10 

„   20  (c.) 

50 

800 

1,750 

8,750 

3 

(JOO 

„   20 

1 

25 

75 

325 

0 

30 

„   23  (c.) 

1,000 

4,500 

2.200 

6.100 

120 

1,000 

„  23 

40 

55 

70 

80 

0 

10 

.,   24  (c.) 

120 

2,800 

1.600 

8,800 

40 

800 

.,   24 

65 

350 

175 

320 

5 

25 

,.  26  (c.) 

200 

4,700 

3,000 

7.700 

25 

700 

,,  26 

30 

100 

30 

350 

0 

15 

»   28  (c.) 

400 

2,500 

1,800 

9,000 

80 

1,200 

„  28 

90 

160 

80 

725 

2 

20 

„   29  (c.) 

1,400 

5,500 

6.600 

7,800 

40 

2,400 

„      29 

165 

100 

230 

350 

0 

60 

ov.  2(c.) 

40 

5,500 

7.800 

4.000 

10 

1,700 

2 

0 

250 

440 

155 

2 

50 

"   6(c.) 

10 

750 

700 

870 

20 

1,400 

6 

0 

40 

65 

120 

0 

80 

„      10(c.) 

40 

1,250 

950 

2,000 

0 

1,100 

„   10 

2 

40 

15 

90 

0 

13 

„   13  (c.) 

4 

600 

100 

1,500 

20 

550 

„   13 

1 

35 

65 

160 

5 

35 

.,  30  (c.) 

26 

1,000 

140 

2,800 

0 

320 

„  30 

1 

15 

15 

180 

0 

10 

ec.  4(c.) 

45 

1,200 

160 

1,800 

0 

720 

4 

6 

17 

1 

70 

0 

0 

„   15^(c.) 

43 

900 

125 

4,300 

0 

275 

„   15 

3 

28 

5 

50 

0 

35 

„   23  (c.) 

2,850 

70 

300 

2,000 

0 

500 

„  23 

16 

160 

10 

70 

0 

5 

„  30(c.) 

50 

7,000 

600 

0 

0 

0 
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The  minor  maxima  of  Pseudocalanus  and  Oit/ioiKi  in 
March  and  April  and  of  Oithona  and  Tetnora  in  Juno  will 
he  noticed  ;  hut  the  much  greater  maxima  of  all  species 
a1)out  the  middle  of  September  and  again  in  ihe 
second  Aveek  of  October  is  the  most  conspicuous  feature 
of  the  list.  On  the  whole,  Copepoda  were  most  abundant 
Avithin  the  bay  this  year  in  the  third  week  of  September 
(over  b4,000  in  one  haul  on  September  14th.  and  ov.,r 
45,000  on  September  16th).  'Ihe  distribution  of  some  (d 
the  more  important  (\)pe]i()(la  tliroughout  the  year  \\ill  be 
considered  further  on. 

IN    THE    OPKX    SEA. 

The  plankton  samples  from  the  open  sea  to  iJic  •^oiilli 
and  Avest  of  the  Isle  of  Man  were  taken  from  l]ic 
S.Y.  "Ladybird  ""  during  tlic  tAvo  critical  })erio(ls  of  the 
year  (April)  and  hite  summer  (August  and  September). 
AA-hen  certain  constituents  in  the  plankton  attain  theii' 
maxima  of  development  ;  and  tliese  nmy  now  be  considered 
in  I'elatioii  to  (lie  other  observations  discussed  above  wliicli 
Avere  taken  tlii'ouglioiil  the  year  fr(un  siiialh't-  boats  in  llic 
inshore  Avateis  of  l*oi  l  l*jrin  Bay. 

During  the  spiiiig,  part  of  a  month  (.\])iil  llth  to 
Apiil  'Z\)i\\]  Wits  dcvotei]  to  iJiis  woi'k  at  sea  from  the 
"  Tiadybird,"  and  in  the  1-5  Avorking  days  during  that 
])criod  Ave  took  in  all  184  samples,  an  average  of  over  \  I 
]ici-  (hiy.  For  example,  on  April  29th,  20  hauls  were 
taken  at  Stats.  I,  II  and  III  Avitii  Hensen,  Xanseti,  surface 
ifiJic  and  coarse),  Aveighted  and  shear  nets  a  collection 
which  enables  comparison  to  be  nuule  between  these 
localities  with  the  different  nets  and  within  a  few  hours  ol 
the  same  time. 

In  the  ■iiiniiiier  ;in(l  ;mtiiiiui  (August  4th  to 
September   IDlli)  tii<"  ■"  Ladyl)ii-d  ""   was  again   engaged  on 
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this  work,  and  during  this   period   266  gatherings   were 

taken  in  the  27  working  days,  an  average  of  nearly  10  per 

day.     On  one  expedition  (Angust  ITtli)  25  gatherings  were 

taken  ;    21  of  them  being   in  a   small   area  of  only  about 

three  miles  extent,  as  follows  :  — 

Stat.  A.— Naiiseii  net.  CO-O,  60-0,  r,0-0,  -20-0. 

Heuseu  net,  00-50,  50-40,  40-80,  30--20,  20-10.  10-0. 
'J^vo  surface  nets,  and  one  weighted  net. 

Stat.  B.— Nansen  net,  70-0,  40-0,  20-0. 

Hensen  net,  70-00,  00-30,  30-20,  20-10,  iO-O. 

These  Stations  A  and  B,  which  were  only  visited  on 

occasions,  are  out  in  mid-channel,  13  to  14  miles  X.AV. 

from  Bradda  Head,  in  depths  of  64-74  fathoms,  and  about 

half-way  to  Ireland.     Station  II,  which  was  worked  more 

frequently,    is   10   miles   off   land,    and   well   outside    the 

20  fathom  line,  so  all  of  these  localities  may  be  regarded 

as  being  in   that   central   area    of  the  Western   Channel 

which  is  Irttle  affected  by  tidal  currents.     Station  I,  five 

miles  from  Bradda  Head,  shows  more  tidal  influence  than 

Station     II.    but     less    than     localities     further    inshore. 

Station  III,  alongshore,  to  the  north  of  Bradda  Head,  is 

in   comjaaratively  quiet  coastal  water,  and  may  serve  to 

compare  with  Station  I,   further  ovit  to  sea,   and  on  the 

other  hand  with  Port  Erin  Bay.     Stations  IV  and  V  are 

in    strong  currents  close  to   the   Calf  Island,  but  are   on 

opposite  sides  of  the  Island  and  exposed  to  entirely  distinct 

influences,   Station  Y  being  in  the  tide  that  sets  up  the 

east  side  of  the  Isle  of  Man  :    while  Station  lY  is  in  the 

tidal  system   of  the  west   side.        When   we  consider   the 

tidal  and  temperature  variations  in  these  strong  currents 

close    to    land,    it    is    not   surprising    that    the    plankton 

catches  show  great  irregularities  at  these  inshore  Stations. 

Stations  I,  II  and  III  (map,  fig.  10,  p.  278)  thus  seem 

to  be  the  most  instructive  for  purposes  of  comparison,  and 

so    we    have   prepared    the   following    table    showing    the 

u 
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Catch. 

Diatoms. 

Dinoflagellates. 

Cope 
Weight. 

poda. 

Date,  etc. 

W'ght. 

Surt. 

Weight. 

Surface. 

Weight. 

Surface. 

Surface. 

April    13.    Sta. 
..       13       ,. 

T 
III 

4-5 

2-7     1 

3-85 
1-75 

59,250 
195,500 

78.600 
205,350 

375 

500 

1.125 

875 

9,575 
6,310 

9,360 
5.338 

„       14       .. 
M        14        „ 

l' 

III! 

3-5     ' 
3-5 

2-4 

2-75 

197.200 
177,000 

65,975 
212,975 

7.250 

5,400 
1,125 

11,072 
5.600 

712 
8,360 
3,295 

4.993 
3,845 

„       16       .. 
..       16       ,. 
„       16       ,. 

I 

II 
III 

3-5 
2-0 
4-25  j 

1-65 

1-9 

2-25 

78.500 

53.000 

150,250 

109,000 

70,000 

104,250 

1,500 

1.250 

300 

1.625 

2,500 

125 

2,765 

5,284 

12,148 

17       .. 
..       17       .. 
..       17       .. 

1 

II 
III 

10       ! 

1-0   ; 

la 

1 

10 
10 
1-0 

34,775 
14,900 
45,300 

18.588 
27,200 
44,875 

700 
250 

838 

788 

1,000 

1.831 
2.661 
1.055 

1,117 

1.700 

44 

„       22       „ 
22 

II 
II 

1-5 

6-0 

1-2 
2-25 

41.100 
234,500 

91,350 
224,750 

750 
6,500 

1.375 
4.650 

7,870 
21,821 

407 
5,210 

..       27       „ 
..       27       „ 
..       27       „ 

I 

II 
III 

7-5 

1-0 

10.5 

3-75 
1-25 
50 

822,850 

32.875 

867,675 

466.125 

68,735 

541,100 

6.000 
225 

1.500 

400 

1,025 

5.242 

1.067 
1,990 

4.300 
2.860 
3,210 

,.       29       „ 
..       29       .. 
„       29       .. 

I 

II 
III 

8-5 

1-0 

100 

6-0 

1-0 

110 

293,500 

24.775 

1,284,000 

326.600 

29.025 

994.700 

850 
500 
500 

7.400 
475 

75 

18.940 

1.306 

11,070 

7.962 
l.()28 
9.420 

Ausr.       4.    Sta. 
4       „ 

I 

III 

1-5 
1-5 

0-65 
0-8 

300 

100 
50 

15,600 
15,500 

6,650 
18,050 

14,315 
13,730 

4.575 
18,293 

6       .. 
6 

I 
HI 

0-5 

0-8 

0-5 
1-65 

100 
100 

100 
1,125 

3,300 
5,400 

2.350 
39.750 

2,032 

5,287 

1,371 
34,664 

7  ,, 

8  „ 

I 
11 

i>-7 

0-8 
0-4 

100 
100 

400 
1.100 

8,100 
9,200 

20.800 
10.100 

5,605 
lt).862 

122,353 
9,185 

.,       12       „ 
„       12       „ 

I 
III 

20 
2-0 

0-6 
1-3 

1.250 

1,300 

15,600 
27,500 

2,750 
22,900 

44.060 
19,384 

5,025 
13,834 

Aug.     13.    Sta. 
.,       13       „ 

I 
III 

0-9 
0-6 

0-6 
0-1 

200 

200 

4,000 
1,700 

5.100 
1.250 

7,856 
1.090 

6.836 
1,192 

,.       17       ., 
„       17      „ 

11 

■ir, 
lo 

()-4,') 
0-25 

2,750 
150 

325 

70 

7,750 
7.200 

6.150 
2,725 

27,140 
8.41 1 

4.284 
1.096 

„       18       „ 

„       18       „ 

I 
III 

1-0 
1-8 

0-9 
0-35 

1,700 
5,000 

650 
100 

3,300 
7,900 

2,750 
1,950 

10.477 
20,966 

4.719 
1,443 

„       20      „ 

„      20       „ 

I 
III 

0-6 
10 

0-6 
0-3 

500 
3,400 

175 
825 

4,100 
7,700 

1,725 
5.400 

11,486 
13,180 

3,987 
2,510 

,.      22       „ 
„       22       „ 

1 
III 

1-0 

0-2 
0-5 

300 
600 

50 
800 

2.200 
5,500 

300 
14,200 

7.404 
(i.l65 

1.485 
32,600 

Sept.    11,    Sta 
„       11       ,, 

I 

HI 

0-3 
1-5 

0-3 
0-4 

900 
4,650 

1,620 
3,600 

250 
2,900 

510 
1,050 

2,308 
16,550 

3,286 
4,890 

.,       12       „ 
„       12       „ 

I 
11 

0-8 
0-7 

0-4 
0-2 

550 
50 

1,300 

200 

400 
25 

2.365 
802 

3,233 

580 

„       15       „ 
..       15       „ 

I 
III 

0-5 
10 

0-2 

0-7 

900 

18,800 

270 
6.300 

150 
1,360 

90 
1,200 

4.038 
88.934 

579 
5,498 

Averages 
for  April 

(m 

■    4-28 
:  2-2 
5-4 

2-84 
1-48 
3-90 

1      218,454 

i        72,010 

453,288 

165,177 

83,942 

350,542 

2,389 

1,835 

269 

2,752 

1,703 

704 

7,892 
7,043 
4,987 

4,415 
3,336 
5,667 

Averages 
for  Aug. 
and  Sept. 

(    I 

II 

(  III 

1 
103 
0-77 

,    117 

0-28 
0-68 

692 

100 

3.756 

:!'.io 
l,u()7 

5,379 
5,4()7 
8,384 

4,131 

4,283 

11,750 

11.590 

6,(592 

20,587 

13.478 

3,620 

12,658 
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catches  of  Diatoms,  Dinoflagellates  and  Copepoda  at  each 
of  these  three  Stations  with  the  surface  and  the  weight 
(10-0  fathoms)  nets  on  all  occasions  (except  April  1 1th. 
accidentally  omitted,  but  not  differing  from  the  rest)  when 
hauls  were  taken  on  the  same,  or  an  adjoining,  day. 

On  the  Avhole,  hvrger  catches  were  obtained  at 
Station  III  than  at  Station  I,  and  at  Station  I  than  at 
Station  II — both  in  spring  and  in  summer — as  the  lines 
of  averages  at  the  foot  of  the  table  show.  In  April  the 
preponderating  influence  is  due  to  the  presence  of 
Diatoms,  and  in  August  to  the  Dinoflagellata  and 
Copepoda.  For  a  marked  contrast  in  the  nature  of  the 
catches  see  April  29th,  with  over  a  million  of  Diatoms  in 
the  weight  net,  and  August  4th,  immediately  below,  with 
none.  It  will  be  noticed  that  Station  III  which  is  so  rich  in 
Diatoms,  in  April,  is  the  poorest  in  Dinoflagellata  ;  while  in 
summer  it  is  the  richest  in  that  group  and  also  in  Copepoda. 

Although  there  is  no  high  Copepod  maximum  in  the 
spring  of  1908,  such  as  occurred  in  April  1907,  and 
although  throughout  most  of  the  year  no  great  swarms  of 
species  appeared  like  some  of  those  in  the  previous  year, 
still  there  are  some  hauls  that  showed  a  fair  number  of 
species  represented  by  moderate  figures,  and  we  quote 
Form  77  as  an  example.  The  first  two  columns  are  hauls 
in  Port  Erin  Bay  on  September  14th,  and  all  the  rest  are 
seven  hauls  at  Station  I.  on  September  15tli.  The  only 
really  large  number  is  the  40,000  of  Oithona  similis  in  the 
coarse  net  on  September  14th. 

77. — Bay  (1  &  2)  September  14  ;    and  Station  I.,  September  15. 


Net  used. 


1. 
Coarae. 


Calamis  helgolandicus  1,370 

Pseudocalanus  elongatus  ...  10,000 

Temora  longicomis    3.000 

Centropages  hamatus    350 

Anomalocera  pattersoni    ...  — 

Acartia  clausi '  600 

Oithona  sirailis 40,000 

Paracalanus  parva    9.000 

Isias  clavipes      ;  150 

Diaixis  hibemica  i  — 


2. 
Fine. 


15 
200 

70 
10 

100 

2,000 

150 


Coarse,  i  Pine. 


iHenseii  Hensen  Nansen  :Natisen 


260 

1.350 

50 

300 

4 

700 

10,000 

1,400 

520 


20-0 
(open).! 


20-10  I  20-0  I  20-10 
(open). 


20 

530 

20 

20 


3 

75 
12 
12 


14 

600 

10 

10 


300 
5 
5 


Weight. 


26 

275 

12 

30 


160 

670 


40 


120 

225 

80 

12 


40 
520 
40 
20 
10 


80  480 

110  100 

20  i  45 

5  I  720 


•1\)H 
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Form  51,  part  of  wliicli  is  quoted  liere,  shows  a  similar 
case  lor  the  DiuoflageUata  several  species  heing-  well 
represented  in  every  haul.  This  series  includes  a  very 
high  number,  400,000,  of  Ceratlum  tiipos  obtained  in  the 
new  surface  net — a  far  greater  quantity  than  anything 
obtained  last  year;  even  the  16,300  and  the  19,500  and 
20,000  are  exceptionally  high  numbers. 

51.— Station  Til.,  August  12  (^^'^^  miles  to  the  S.W.) 


Net  used.  Surface.   "New."  "Pulley"  Hensen.    Naixsen.    Weight.  *  "New."  *Surface 

^  I ! 


Coratiuin  fiuca ,  1,700 

fu.sus 4.()00 

tripos 1(5,300 

Peridiiuum  sp 300 


2,000  I  450 

2.000  1.725 

400,000  7,500 

5,500  I  300 


825 
2,700 
3.900 

225 


1,200  !  3,000  I         300  250 

1,900  3,500           400  1,000 

3,500  19,500  1  20,000  3,500 

100  1,500           700  I  200 


We  sliall  now  lake  ovil  some  of  tlie  chief  species  of 
('o|i('])(t(hi.  ( 'ladocera .  worms,  i^c,  and  l)ri('Hy  summarise 
tlieir  occurrence  during  the  year  for  c()m])aris()n  with  1007. 


Common  ("oim.i'oda  i.\  190(S. 

P.-^eudocdlditKs  c/onf/afus  is  vei'v  gcnci'iilly  distributed 
throu<i-hoiit  tlie  year,  and  also  tliroughoui  (lie  nets  at  those 
times  ot  the  year  when  different  nets  weic  nscd.  The 
numbers  are  occasionally  high:  for  examph',  in  the  hitter 
halt  of  March  we  find  2,400  and  2,500  specimens  in  ilie 
surface  net  in  the  bay  on  i\v(»  occasions,  and  early  in  .\|iiil 
we  find  2,750  in  the  "  weiglit  "  net  at  Station  111,  and 
1,000  on  several  occasiojis  during  that  month  in  (he  same 
net.  The  liighest  number  in  the  b;iy  during  .Vpril  is 
2,250.  The  niimbers  inn  lower  durin<^-  May,  lime  and 
July,  but  in  .\ugust  we  again  Hnd  hauls  ol  1,000  .ind 
2,000  on  occasions  in  thi>  'weight"  iicl.  In  the  middle 
of  September  there  is  an  increase,  and  the  coaise  surface 
net  took   10.000  in  the  l)av  on  the  lltli  :iiid  IS. ()()()  in   the 
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bay  oil  tile  lUik.  J  he  uumbers  keep  liig'li  in  that  net 
to  tlie  end  of  tlie  year,  being-  uver  U,OUO  on  October  8tli, 
over  11,000  on  October  14tli,  and  7,000  on  December  :jOt!i. 
lu  the  fine  net  during  tlie  same  period  the  catches  are 
generally  a  few  hundreds,  sometimes  less — 1,000  is 
reached  on  two  occasions.  The  shear  net  and  Yngel  trawl 
iu  August  and  September  sometimes  obtained  very  large 
numbers  of  this  and  other  (Jopepoda,  such  as  4o-j,000, 
mainly  Pseudoealanii.^,  on  August  8th. 

Calanus  hetyoUindicas  occurs  throughout  the  year, 
but  the  numbers  are  low  in  the  first  quarter,  and  are  still 
lower  in  April,  when  the  greatest  haul  is  60,  and  many 
have  only  single  specimens  or  none  at  all.  The  firs;  liigh 
numbers  occur  iu  June  (::^10  on  the  10th  and  18^3  on  the 
12tL)  in  the  surface  net  within  the  bay.  It  is  not  again 
until  August  that  the  hundreds  are  reached  (500  in  the 
■'  pulley  "  net  and  800  in  the  "  new  ""  net  on  August  (Itli). 
The  numbers  run  still  higher  in  September  and  October, 
and  on  occasions  up  to  the  end  of  the  year — for  example, 
September  14th,  1,:;T0  ;  Kith,  2,000;  October  12th, 
4,500;  2:}rd,  1,000;  29th.  1,400:  December  2.!rd,  2,850. 
All  these  high  numbers  were  taken  with  the  coarse  nei, 
this  being  one  of  the  larger,  more  powerful,  swimming 
animals  which  in  all  probability  escape  from  the  feebler 
current  at  the  mouth  of  the  fine  net.  The  shear  net  and 
Yngel  traAvl  during  August  and  September  also  frequently 
took  very  large  numbers  of  Cdlanus,  such  as  22,500  on 
August  8th. 

AmniKiloccrn  jiattirsoni  only  occurs  between  the 
middle  of  April  and  the  middle  of  September, 
and,  in  fact,  is  only  })iesent  in  numbers  above 
20  during  the  latter  half  of  A[)ril.  During  that 
period  nearly  all  the  catches  were  outside  the  bay  at 
Stations  I  and  II.     Compared  with  last  year,  the  numbers 
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are,  as  a  rule,  iKit  nearly  so  big-h-  -tlit'  riiaxiiinnii  this  year 
being  only  160  in  the  coarse  iiel  on  April  29th  at 
Station  II,  as  compared  with  560  in  a  fine  net  on 
April  16th.  1907,  at  Station  V.  I'he  biggest  number 
caught  in  a  tine  net  in  1908  was  90  on  April  'JOth  at 
Station  I.  Last  year  it  was  first  caught  (in  metaiiauplius 
stage)  on  March  29th — a  full  fortnight  earlier  than  this 
year.  Between  August  6tli  and  September  15th.  1908,  it 
was  only  represented  by  a  very  few  specimens  in  six 
gatherings,  while  in  1907  it  was  represented  up  to 
Xovember  8th. 

Temora  longicornis  again  shows  a  fairly  even 
distribution,  being  represented  by  small  numbers  (such  as 
10  and  20)  in  nearly  every  net  in  most  months  of  the  year 
(only  absent  in  January  and  December).  This  species  is 
occasionally  found  in  denser  swarms,  which  accounts  for 
the  quite  sudden  larger  catclies  that  were  sometimes 
obtained,  such  as  -500  and  450  in  the  ba}^  on  April  21st, 
while  the  number  on  the  preceding  day  was  three  only, 
and  on  the  following  day  15.  In  the  end  of  May  and  early 
part  of  June  there  seems,  however,  to  be  a  steady  increase, 
from  60  on  May  20th,  through  numbers  between  200  and 
•300,  up  to  2,000  on  June  10th  and  12th;  after  which  the 
numbers  fall  again  to  2'jO  on  the  18th  and  50  on  tlie  25th. 
The  coarse  net  in  September  obtained  some  large  catches, 
such  as  450  at  Station  III  on  September  11th,  -JjOOO  in  the 
bay  on  September  14th,  and  2,550  at  Station  III  on 
Septeuiber  19th.  Towards  the  end  of  Se])tember  the 
numbers  range  from  100  to  -300. 

Centrojjages  hiunatus  is  again  present  lluougliout  the 
vear,  with  the  exception  of  January  and  December.  The 
numbers  iire  low,  ranging  from  one  to  60  only  in  most  of 
the  surface  nets,  both  in  the  bay  and  open  sea,  throughout 
the  ye;ir.     There  is  no  marked  maximum   at  any  poini, 
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and  the  only  larger  numbers  are  on  exceptional  occasions, 
when  the  "  pulley  '  net,  ior  example,  obtained  200  at 
Station  1  on  August  llitli.  and  the  cuarse  net  in  September 
obtained  hauls  of  200,  -UIO,  <iOO,  up  to  a  maximum  of  TOO 
and  750  on  several  occasions. 

MiCKOCALAXLS   IX    1008. 

The  small  Copepod  MicrocalLUiu^  pusiUu?^  appears  for 
the  first  time  this  year,  in  the  bay  surface  nets,  on 
Februarj'  4th ;  and  on  February  Gth  and  April  2nd  it 
occurs  again.  Throughout  April  it  is  practically 
restricted  to  the  Hensen  and  Xansen  nets  open  only 
between  20  and  10  fathoms,  with  the  exception  of  haids 
on  April  24th  and  at  Statiini  III  on  April  29th,  wlien  tJie 
nets  were  open  to  the  surface.  After  April  29th  for  nearly 
two  months  no  specimens  were  found.  It  must  be 
remembered  that  during  May  and  -June  the  yacht  was  not 
at  sea,  and  the  onh*  collections  taken  were  those  across 
the  bay.  It  is  possible  therefore  that  Microcdlanvs  may 
have  been  present  outside  the  bay  during  this  period 
when  it  was  apparently  absent  in  the  bay.  On  June  25th 
and  August  5th  the  species  occurs  again  in  the  bay  nets. 
From  August  5th  to  September  14th  it  occurs  only  in  the 
Hensen,  Nansen  and  weight  nets  (some  of  which,  on 
August  17th  and  on  September  12th,  were  hauled  from 
greater  depths — doNvn  to  60  fathoms),  with  the  exception 
of  a  large  catch  of  oOO  specimens  in  the  coarser  surface 
net  at  Station  I,  on  September  11th.  The  frequeiit 
occurrence  of  this  form  in  the  Hensen  and  Xansen  nets 
hauled  from  20  to  10  fathoms,  and  in  the  weight  net  in 
the  latter  part  of  the  year,  the  almost  entire  absence 
from  the  surface  nets,  and  the  comparatively  small 
number  taken  in  the  Hensen  net  on  August  17th — which 
was  hauled  from  00  to  50  fathoms — seem  to  indicate  that 
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tkis  species  is  witli  us     a  uiitlwatc]'  ioriii.     The  fact  of  its 

being   present  at  the  surface   in   the   hay   may   not    mean 

anything  mor^  than  that  tlic  hay   water  is  a   mixture  of 

various    h^yers,  caused  hy   the    tidal  currents    in    shallow 

water   or    l)y    an  otf-shorc    wind    wliicji    has    carried    the 

surface  water   out  and  allowed  deeper  layers  to   well   up 

from  below. 

TJh"    t'olJowing    table    shows    the    disi  libution    in    the 

nets  in  detail ;  and  although  the  record  for  the  year  differs 

considerably  from  that  of  1907,  still  it  is  not  incompatible 

with  the  view  expressed  in  last  year's  report  that  this  may 

be  a  s[)ecies  Avhich  periodically  invades  our  area.        The 

numbers  present  in  the  earlier  months  of  1908  may  well 

be  remains  of  the  previous  autumn's  invasion.     It  will  !)(' 

noticed  that  in   April   they   Avere    mainly  caught   in    tlic 

Hensen  and  .\ansen  nets  haided  from  20  to  10  fathoms, 

;)ut  at  sea. 

Station.  lleuseu.       Naji.seji.       AVeiglit.        Surface. 
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*  Sars  (Crust,  of  Nnriray,  Vol.  IV,  ]i.  157)  says  that  on  west  coast  of 
Norway  "  it  only  occiirrc:!  in  deptlis  of  more  than  150  fathoms;  and  it 
thus  appears  to  be  a  true  deep-water  form." 
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If  we  except  the  three  8pefimens  found  in  the  bay  on 
June  25th — and  these  may  also  have  been  stragp^lers — 
there  is  an  interval  of  fully  three  months  in  which  no 
specimens  of  this  species  were  captured.  During  this 
period  it  may  be  that  the  last  of  the  1907  invasion  died 
out,  and  that  the  numbers  that  begin  again  in  August, 
and  reach  the  maximum  of  300  on  September  11th, 
represent  this  year's  invasion- — -which,  however,  is 
obviously  much  less  abundant  than  in  1907.  when  the 
maximum  reached  2,500,  on  September  12th  in  an 
ordinary  tow-net  attached  to  the  shear  net,  which  may 
probably  be  treated  as  equivalent  to  the  "  weight  "  net 
ranging  down  to  10  fathoms. 

(Jladocera  tx  190S. 

Evadne  nordmanni  first  makes  its  appearance  in  the 
surface  net  at  Station  III  on  April  11th  (a  single  specimen 
only),  in  the  weight  net  at  Station  I  on  April  13th,  and 
in  the  surface  net  in  the  bay  on  May  26th.  It  rises  to  a 
maximum  of  12,500  on  -lune  10th,  and  tken  rapidly  falls 
off,  and  continues  to  be  represented  by  very  small  numbers 
on  occasions  only  throughout  July  and  August. 

Podon  internie</iu)ti  makes  its  appearance  in  the  ba\- 
on  May  26th  with  300  specimens  in  the  surface  haul.  The 
numbers  fall  oif  during  June,  and  remain  small  in  the 
ordinary  fine  surface  nets  in  July,  August  and  September. 
The  only  high  numbers  are  when  the  new  net  caught 
1,200  at  Station  III  on  August  12th,  when  the  Yngel  trawl 
caught  2,40C  on  x^ugust  8th  and  5,796  on  August  18th  at 
Station  III,  and  when  the  coarse  net  caught  1,500  at 
Station  I  on  September  lltli  ;in(l  1,800  in  the  bay  on 
September  14th.  The  last  occurrence  for  the  year  was  on 
October  24th. 
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'I'li(>   Nuiiplius  sUige   of    li(ilnnu.<  oct-urs  lor  \\\v    Hisl 
time  Oil  Fcbrviary   l^'.tli  and  ao'jiiu  on  Marcli  llth.      From 
til  is     time     onwards     I  lie    ^auplii    occur     in     Duieasinj,^ 
numbers  in  every  catcli  until  ilieir  maximum  oi  oO,000  is 
reached  on  April  l(Slli.     From  this  date  the  numbers  keep 
between  SUO  and  5,500  lill  April  29tli.     But  three  catches 
of  the  coarse  net  show  higher  numbers,  the  highest  being 
9,000  on  April  22iid.     The  numbers  taken  on  April  29th 
were  75  in  the  fine  net  and  0,500  in  the  coarse.     2s  one 
were  taken  after  ihat  dale.      The  above  statement  refers 
to  Port  Erin  Bay.      In  the  open  sea,  on  the  whole,  fewer 
Xauplii  were  taken,  and   the  maximum  appears  to  be  a 
little  later.        On    Apiil    29th,    quite    large   catches    were 
made  in  the  open  sea  (15,000  in  weight  net  at  Stat.  Ill), 
so  that  this  date  cannot  safely  be  taken  as  the  time  of 
their    actual    disappearance.       The    "  Cypris  ''    stage    of 
Balavm^  appears  for  the   first   time   in  the  bay   on    April 
17th  (10   in  \\ne  net,   15   in  coarse),   and  one  or  two  are 
taken    occasionally    froui    that    time    onwards    up    to    tlie 
disappearance  of  the  ]N'au])lii       The  Cypris  forms  are  then 
taken  in  slightly  larger  ([uantities  (6,  20,  10,  9,  6,  5)  nntil 
May  28th,  wliicb  is  the  last  date  on  wJiich  uuy  Cirripede 
larvae  weic  laken.      In  the  open  sea  very  much  the  same 
results  are  found,  the  largest  takes  being  on   April    lOth 
(20  in  line  net)  and  (ui    April  29th  (42  in  coarse  net   and 
K)  in  Hue).     This  is  prol)ai)ly  not  the  real  maximum.      It 
is  more  reasonable  to  s\ippose  that  the  maximum  is  some 
time  in  May,  as  in   the  case  of  the  same  fornts   inside   the 
bay. 

On  (■oin])aring  these  lUOcS  results  with  those  of  1907, 
we  >ee  that  this  year  the  iS'aujdii  ap])eai'ed  in  the  bay 
gatheiings   about   a    weel;    earlier    than    in    1907,    but    the 
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numbers  were  not  hiy-h  until  the  middle  of  April,  when 
the  maximum  of  -SOjUOU  was  reached  on  April  ISth,  as 
compared  with  the  maximum  of  10,450  on  April  15th  in 
1907  From  this  time  until  their  disappearance  at  the 
end  of  April,  the  numbers  were  higher  for  1908  than  for 
1907.  On  the  other  hand,  thi'  '"  Cypris  ""  stage  was  not 
nearly  so  well  represented  in  190S  as  in  1907,  the 
maximum  being-  reached  on  April  29th  with  42,  h^ 
compared  with  a  maximum  of  over  1,700  on  April  15th 
last  year.  In  both  years  this  forin  does  not  appear  after 
the  last  week  in  May.  On  the  whole  then,  here,  as  in 
other  groups,  the  pie&ent  season  AA'as  a  late  one ;  and  it 
looks  as  if  there  had  been  an  unusually  severe  mortality, 
as  although  the  Nauplii  were  abundant  in  the  middle  of 
April,  very  few  of  the  animals  were  found  in  the 
"  Cypris  ""  stage  later  on. 

SaGITTA  AXD   TOMOI'TKRIS  lA  1908. 

The  numbers  for  Sagitta  in  the  bay  in  the  first  half 
of  the  year  keep  at  a  fairly  constant  but  low  value  (;]0  or 
under)  until  May  28th  (70)  ;  and  then  throughout  June 
they  fall  and  then  rise  to  much  the  same  level  (25,  4'.!, 
3'j,  48,  65,  69).  After  some  sudden  rises  and  falls  in 
•July  and  August  the  numbers  diminish  until  on  August 
28th  and  29th  S^ayitta  is  entirely  absent.  In  the  open 
sea,  the  maximum  is  in  August,  when  we  have  98  and 
150  on  August  Gth,  120  and  256  on  August  7th,  111  on 
August  12th,  76  on  August  l-"^th,  52  on  August  19th,  and 
87  on  August  22nd.  The  nuuibers  rise  as  a  general  rule 
higher  than  those  of  the  bay,  and,  as  would  be  expected, 
the  ■'  pulley  '"  net  and  the  "  coarse  '"  net  catch  more  than 
the  others. 

The  biggest  catch  in  the  bay  was  on  September 
14th,  220  in  a  coarse  net,  only  10  in  the  fine.    Throughout 
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Septeiiibei'  and  October,  wlu'u  Saf/itfa  does  occur,  ihere 
are  o-enerallv  more  in  the  coarse  net  than  in  the  tine; 
but  after  Se])tember  24th  tlic  nniubers  are  k)\v.  tlie  liio-hest 
beinj?  11.  until  ]N'oveniber  litli,  when  we  find  lOS  (c), 
Xovember  10th  84  (c),  then  29,  17,  18,  T,  :'.().  18  (all 
coai'se  nets),  the  fine  nets  in  each  case  catching  five  or 
under. 

("oniparinp:  these  results  with  those  of  1907.  we  see 
that  the  n\iiubers  are  h)wer  throughout  the  present  year. 
The  maximum  in  the  bay  gatherings  (220  on  September 
14th)  is  a  month  later  than  the  much  higher  maximum 
(1,800)  of  1907  ;  but  the  maximum  in  the  open  sea  was 
in  .\ugust  (250  in  coarse  surface  net  on  August  7th,  at 
two  miles  N.W.  of  Bradda  Head).  In  both  years  the 
numbers  fell  aftei'  the  maximum,  and  rose  again  in  the 
first  Aveek  of  November,  to  ■■)24  in  1907,  and  to  108  in 
1908. 

On  the  whole,  the  staiciiicnt  made  last  year  that — 
'' Sagitta  is  present  throughout  the  year;  it  is  most 
abundant  in  August  and  lh(>  niiniinum  occurs  in  winter 
(January  to  March),""  still  holds,  with  the  qualification 
that  in  1908  the  numbers  are  lower  and  the  maxima  are 
later. 

ToDiOjUeris  oniscifonn'is  occurs,  in  small  niiinbeis 
only,  from  February  (ith  to  December  -■tOth.  It  is 
probably  present  in  our  area  throughout  tiu;  ycai',  and  its 
non-a])|)('aranc(^  in  the  recoi-ds  for  certain  uioiiths 
(•lanuary,  March.  May  and  -Inly)  can  pi'obabU  Ix' 
explained  by  the  net  having  tailed  to  capture  a  species 
represented  by  such  small  numbers.  The  only  larger 
niimbei's  are  aj)paiently  exceptional  occuirences.  such  as 
when  the  shear  net  caught  200  at  Station  I  on  August  7lli 
and  120  at  Station  I  on  Septenil)ei'  l")th.  and  when  the 
coarse  nvA  caught  05  in  ilic  hay  ou  ()(i()l»cr  Tlh. 


SEA-FISITERIES    LABORATORY.  307 

OiKOPLEURA    IX    1908. 

As  in  the  previous  year  tliis  widely  distributed  and 
coustaut  form  occurs  in  nearly  every  gatliering  from 
Port  Erin  Bay.  It  is  difficult  to  see  tlie  exact  point  of 
the  maximum,  l)ut  fairly  liigdi  numbers  (in  the  hundreds) 
aic  kept  up  })retty  constantly  tlirouo-Ji  May,  -lune  and 
•July;  these  numbers,  however,  are  all  under  1,000,  until 
September.  In  the  last  four  mouths  of  the  year  we 
again  see  tlie  difference  in  the  catches  with  the  coarse  and 
the  fine  nets — the  catches  in  the  coarse  nets  being-  much 
larger,  e.g.  2,400  as  against  400  on  September  14tl),  and 
7,000  (the  maximum)  as  against  So  on  October  28th. 
After  this  date  the  numbers  caught  in  the  coarse  nets 
rapidly  drop  to  a  few  hundreds  in  jSTovember,  and  to  less 
than  a  hundred  after  December  4th;  while,  in  the  fine 
nets,  after  October  17th  the  numbers  are  never  liigher 
tlum  150.  and  drop  to  2  on  December  4tli  and  0  on 
December  15th  and  ?-5rd. 

In  the  open  sea,  high  numbers  are  much  commoner 
in  August  and  September  than  in  April,  the  largest  catch 
being  4,400  with  the  "  pulley  '"  net  on  August  6th,  at 
Station  III.  In  1907  the  highest  numbers  occurred  in 
April,  while  this  year  the  maximum  was  in  August  for 
the  open  sea,  and  in  (October  foi-  the  bay;  but  it  must  be 
remembeied  that  no  gatliciings  were  taken  outside  the  bay 
after  September. 

Fish  E(Ws  rx  1908. 

Fish  eggs  occurred  in  tlie  bay  in  small  numbers  only 
until  March  11th,  wlien  the  numbers  rose  to  59  per  baul — 
of  these,  however,  50  were  Rockling  eggs.  The  totals  kept 
high  until  Apiil  2-Ii(l,  the  numbers  on  April  22nd  being 
40  Rockling  eggs  and  81  othei-  fish  eggs  (-'JO  of  these  were 
Bib,    20    Whiting,    10    l)ul»,    and    10   Topknot).      From 
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April  24tli  onwards,  until  the  end  of  Tiily,  fish  eggs 
occurred  in  diuiiuishing  numbers,  with  a  slio-ht  rise  on 
May  26th  to  20  Eockling  eggs  and  six  others.  On  four 
occasions  only  after  July  were  any  caught,  viz.,  one  on 
August  7th,  and  one,  two  and  nine  (all-Eoekling  eggs)  on 
September  14th,  ITth  and  21st  respectively. 

In  the  open  st;a,  during  April,  the  numbers  were 
rather  higher  than  in  the  bay,  the  biggest  catches  being 
on  April  11th  (at  Station  I).  In  one  haul  there  were 
65  Eockling  eggs,  75  Dab,  60  Cod,  25  each  Whiting  and 
Flounder,  20  Dragonet,  and  10  Green  Cod. 

Comparing  the  bay  results  with  those  of  1907,  we  see 
that  fish  eggs  were  found  earlier  this  year,  but  the 
maximum  was  not  nearly  so  high,  being  only  121  on 
April  22nd,  as  compared  with  577  on  April  23rd,  1907 — 
these  numbers  including  40  and  500  Eockling  eggs 
respectively. 

We  quote  here  portions  of  Forms  6  and  7  to  show  the 
fish  eggs  present  in  four  hauls  of  surface  nets  and  two  of 
weight  nets  taken  on  the  same  day  at  Station  I,  five  miles 
from  land. 


6  and  7.      Fish  Eggs  at  Station   I.  .\i)ril  lltli.  190S. 


Surface. 

Surface. 

Surface. 

Surface. 

Average. 

Weight. 

Weight. 

Average. 

Rockling 

s 

4(1 

s 

(■).'') 

30-2.-> 

7 

20 

13-r. 

Dragonet     . . . 

i:{ 

2(1 

(1 

20 

13-2.'', 

3 

.) 

2-C. 

Plaice 

2  • 

2 

0 

0 

1 

0 

0 

0 

Dab 

!.-> 

:{(» 

ir> 

ir. 

33-75 

0 

1 

3-5 

Floiiinler 

2;-) 

.")(» 

10 

2;-) 

27-5 

(t 

0 

0 

Topknot 

:i 

:{ 

1 

0 

1-7.5 

2 

1 

l-.-> 

Whiting 

22 

!.■. 

HO 

2;-) 

23 

Hi 

12 

14 

(Jod 

SO 

4(1 

(■..". 

1)0 

(•1-25 

12 

7 

9-5 

<ireen  C<jd  ... 

HI 

1.-. 

.") 

10 

10 

0 

0 

0 

Lung  Roiiijli  D.i 

)            1 

1 

(1 

•) 

1 

0 

0 

0 

li.uldock      ... 

II 

II 

(1 

0 

(1 

r, 

3 

4 

Totals      ... 

I7!t 

2I() 

134 

282 

202-75 

51 

46 

48-5 
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This  table  shows  that  out  in  the  open  sea,  at  this  date 
in  April,  the  majority  of  the  hsh  eggs  were  close  to  the 
surface,  and  the  weighted  nets  towed  at  the  same  time  onh' 
a  few  fathoms  deeper  obtained  appreciably  fewer  (about 
25  per  cent,  only),  except  in  the  case  of  the  Haddock.  The 
numbers  for  the  Cod  especially  show  a  marked  diiference 
between  the  surface  and  the  deeper  laj-er. 

It  may  be  added  that  this  was  the  tirst  day  of  the 
season's  work  from  the  Yacht,  and  all  the  nets  were  of  new 
Xo.  20  silk  used  for  the  first  time,  and  so  presumably  were 
equally  effective  in  catching  power. 

For  purposes  of  comparison,  we  quote  now  the  hauls 
made  on  April  17th  with  fine  and  coarse  nets  in  Port  Erin 
Bay,  and  with  the  weight  net  at  Station  III  along  the 
coast  to  the  north. 

19.— Fish  Eggs  on  April  17th.  1908. 


Stat.  III. 

Port  Erin  Bay. 

A 

AVeight. 

Fine. 

Coarse. 

Average. 

Rockling 

7 

9 

27 

18 

Dragonet 

10 

0 

1 

0-5 

Bib 

20 

•> 

2 

2 

Haddock     ... 

15 

0 

4 

2 

Whiting 

40 

0 

14 

7 

Dab 

10 

0 

0 

0 

Plaice 

4 

0 

0 

0 

Sail  Fluko  ... 

2 

1 

3 

2 

Topknot 

...          10 

3 

2 

2-5 

118 

15 

53 

34 

Here  the  results  seem  reversed.  The  weight 
net  has  caught  most  eggs  (with  the  exception  of 
Rockling),  and  in  some  cases  more  than  the  average 
number  for  a  surface  net  on  April  11th  at  Station  I.  Still, 
the  dates  are  not  the  same  and  the  localities  are  not  the 
same,  although  not  far  distant  (five  miles,  and  six  days, 
apart)  and  so  we  do  not  press  the  contrast. 

The  coarse  surface  net.   with  its  better  draught,   as 
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would  naturally  be  expected,   cauglit  more  tlian  the  fine 
net.     The  two  very  much  larg-er  wider-meshed  nets,   the 


Fic.  1-2.     The  mouth  (if  the  •'  sheiir-net.'" 

shear  net  and  the  Yug-el-trawl,  also  on  occasions  obtained 
large  numbers  of  fish  eggs ;  but  did  not  get  so  many  more, 
relatively  to  the  catch  of  the  coarse  net,  as  we  slu^ild  have 
expected  from  their  size.  AVe  give  here  a  list  showing  all 
the  hauls  of  the  coarse  and  the  shear  nets  taken  at  all  the 


fK 


YA 


M 


Fig.  13.     "  >'ii-.l-tr.i\vl,'"  wiili  ■■  nd  t  Imitids 


uiiiiith. 


slatiuii>;  and  the  l):iy  diii-iiig  .\])iil.  1!M)S.  In  illiislralc  this 
|»<»iiit.  ll  will  Itf  >c('ii.  ]'()]■  ('\aiii|d(',  iIkiI  1)11  A|)!il  'J4th, 
at  Station  1.  the  cojiix'  net  tixik  liS  lisli  eggs  and  I  hi'  nimdi 
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larger  shear  net  only  40.  The  explanation  in  such 
cases  probably  is  that  the  coarse  net  worked  at  or  near 
the  surface,  while  the  shear  net  was  most  of  the  time  in  a 
deeper  layer  of  water  ((i  to  12  fathoms)  where  fish  eggs 
were  rarer. 


ite,  &c. 

Coarse  Net. 

Shear  Net. 

1) 

I'ish 

Notes. 

Fish 

Notes. 

eggs- 

eggs. 

Apr.    Ji). 

hfat.  Ill 





19 

(Yngel-trawl) 

..      H) 

..     HI 

0 

410 

Bib,  200  ;    Dragonet,  80  ; 
Rockling,  60  ;  Sail  Fluke, 
30. 

„      17 

„     II 

147 

Haddock,  86  ;    Whiting,  22 





„      17 

„     III 

— 

— 

1 

Haddock. 

„      17 

Bay 

53 

Rockling,  27  ;  Whiting.  14 

__ 



..     20 

OffNiarbyl 

—  ■ 

— 

133 

Whiting,  90  ;   Rockling,  15. 

22 

Bay 

121 

Rockling,  40  ;    Bib,  30  ; 
Whiting,  20 

— 

— 

22 

Stat.  I 

89 

Whiting,  20  ;    Cod,  18  ; 
Haddock,  17  ;  Rockling, 

1  K 

— 

— 

„      23 

Bay 

48 

Rockling,  36 





„      23 

Off  Niarbyl 

— 

— 

24 

Dragonet,  7  ;  Topknot,  5. 

„      24 

Stat.  I 

68 

Dragonet.  16  ;    Bib,  14  : 
Rockling,  14 

40 

Dragonet,  20. 

..      25 

Bav 

17 

Rockling,  9 





„      27 

Stat.  1 

38 

Cod,  9  ;  -RockHng,  8 





„     27 

Stat,  II 

63 

Cod,  24  ;  Rockling,  13 





27 

„    HI 

17 

— 

178 

Sprat,  66  ;  Dragonet,  47  ; 
Rockling,  27. 

„     27 

,.     Ill 

— 

— 

69 

Dragonet,  23  ;  Sprat,  15  ; 
Lemon  Sole,  12. 

„      29 

-,     I 

114 

Lemon  Sole,  62  ;    Dab,  12 





,.      29 

,.     II 

96 

Green  Cod,  68  ;   Dab,  10 



-.,. 

„     29 

„    III 

15 

160 

Dragonet,    50 ;     Haddock, 
20  ;     Topknot,    19  ; 
Rockling,  16. 

„      29 

Bay 

23 

\vprage  catch. 

— 

— 

61  = 

115  = 

Average  catch. 

The  mouth  of  the  shear  net  (fig.  12)  has  about  nine 
times  the  area  of  the  mouth  of  the  coarse  surface  net ;  and 
the  Yntjel-traw]  ffio'.  1'4)  is  still  larger. 


w 
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COMPAEISOX    OF    NETS. 

One  of  tlie  objects  of  this  inve.stif^ation  was  to 
(•oi]i]);!ic'  rlic  ])eifoiiiianres  of  the  difltereiit  nets,  and  try  In 
determine,  if  possible,  which  nets  could  be  relied  npon  to 
give  most  nearly  representative  samples  of  the  plankton. 

Coarse  aad  Fine  Surface  Nets. 

The  influence  of  the  mesh  of  the  net  upon  the  volume 
and  nature  of  the  catch  is  well  known  to  all  who  have 
had  much  experience  in  collectinp^  plankton,  and  it  was 
remarked  ujion  in  last  year's  report.  With  the  object  of 
o^etting  more  definite  information  on  the  matter,  and  also 
because  we  were  convinced  from  daily  observation  that 
our  fine  (No.  20)  nets  were  not  giving  us  adequate 
samples,  aftei'  occasional  trials  wo  started,  in  September, 
1908,  using  a  "  coarse  "  surface  net  (No.  0  silk)  on  all 
occasions  along  with  a  fine  net  of  exactly  the  same  size 
and  shape.  The  results  arc  very  interesting.  When 
there  is  much  macro-plankton  in  the  water  the  coarse  net 
catches  much  more  than  the  fine,  as  is  shown  in  the 
following  examples  taken  at  a  time  of  year  when 
Copepoda  and  other  larger  Crustacea  arc  abundant  on  the 
surface : — 

Sept.  IC.       Sept.  17.  Oct.  8.  Oct.  12.        Oct.  14. 

Coarse  net      190  lO'O  9-7  14*5  10-5 

Fine  net  0-G  0-5  1-8  TO  0-75 

But,  on  the  othci-  hand,  when  the  bulk  of  the  plankton  is 
very  minute  (such  as  Diatoms  and  Dinoflagellates),  the 
fine  net  may  catch  most,  as  in  the  case  of  tlie  folhiwiiig 
examples :  — 

April  2'j :  coarse  net  o  c.c. ;  fine  net  17  c.c. 
A])ril  "JO:   coarse  net  6*5  c.c. ;   fine  net  11  c.c. 
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Even  amongst  tlie  Diatoms,  however,  there  are 
differences,  BiddulyJiia,  on  account  of  its  larger 
size  and  shape,  being  more  abundant  in  the  coarse 
net,  and  Chaetoceroti  and  Coseinodiscus  in  the  fine. 
This  is  we]]  seen  in  the  following  examples  of  average 
catches  prepared  from  ten  pairs  of  figures,  each  pair 
consisting  of  fine  and  coarse  net  gatherings  taken  at  the 
surface  simultaneously  during  April. 


Fine  Net 

Coarse  Net 

(No.  -20). 

(No.  6). 

Biddulphia     

.       38,765 

...       58,600 

Chaetoceros    .... 

.     406,355 

1,895 

Coscinodiscus     . 

.       23,777 

5,550 

Copepoda     

156 

1,007 

Fish  Eggs  

15 

71 

Dinoflagellata  ... 

2,787 

34 

The  accompanying  diagram  (fig.  14)  shows  the 
graphic  relations  of  these  two  sets  of  figures,  so  as  to 
illustrate  the  catching  power  of  the  two  nets  for  the 
particular  organisms.  The  columns  are  of  necessity 
drawn  to  a  different  scale  for  each  group,  so  that  the 
lines  for  one  group  are  not  comparable  with  those  for 
anot]ier — it  is  only  the  two  catches  of  the  same  group  that 
are  comparable  inter  se. 

The  conclusion  at  which  we  have  arrived  is  that  it  is 
necessary  to  take  both  a  coarse  and  a  fine  net  gathering 
at  the  same  time  in  order  to  get  anything  like  an 
adequate  sample  of  the  plankton.  It  has  been  shown  by 
several  investigators  that  even  the  finest  meshed  silk  fails 
to  catch  a  cOxisiderable  proportion  of  the  minuter  forms 
of  the  Protozoa  and  Protophyta.  But  it  can  also  be 
shown  that  such  fine  nets  do  not  succeed  in  bringing  up 
a  due  proportion  of  the  larger  and  more  powerful 
swimming     organisms,      such      as      Crustacea — probably 
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hecuTise  of  the  feebler  draiio-ht  throuo-li  that  type  of  net, 
so  that  less  water  is  aotiially  siiaiiied  in  a  o'iveii  time  and 
wlien  towed  at  a  o'iveii  speed,  and  also  heeause  ilie  less 
rapid  iiitlow  at  the  inouili  of  the  net  will  allow  tlie 
more  active  rheotropie  toians  to  escape  ca})tnre.  l']a(di 
of  th(>  \\\-r  ty])es  of  net  omv,>s  an  imperfect  resnlt  in  one 
wav  or  the  other.  Xeitiiei'  "coarse"  nor  "fine"  laken 
;iloiie  will  sntlice,  and  it  is  necessary  to  use  hoili  nvi<^ 
too-ether  and  add  their  catches,  cither  actnally  or 
mentally,  in  order  to  have  even  an  approxinuite  idea  of 
the  constitution  of  the  ]dankton. 


l-'if,.  1  I.      •  i.hlliHi-isoii  (if  Catclic^  will)  r.iuiNc  .'iiiil  lilir  tli'ts. 


'Idle  followiiiH'  list  shows  the  amount  of  the  cat(di  in 
(Mcli  ncl  oil  all  occasions  when  hotli  were  used  to^'cllier 
as  was  made  the  constant  practice  at  J'ort  I'hiii  during'  the 
latter  li;ilf  of  .\piii  and  from  Sei)leinl)ei'  lltli.  1!HIS, 
onwards. 


19     U-4  2-2 

20  , 0-4  3-0 


23  , U-.3  5-0 

24  , 0-5  4-0 
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CoMi'.AKi^o.v  OF  Total  Catch  (ix  c.c.)  of  Fixk  axo 
Coarse  Surface  X7:ts. 

'■•'<■'•  '^' •                                  Fine.  Coarse.  T„tal. 

2-25  2-0  4-25 

4-5  5-5  100 

"i-  0  6-5  13-5 

1-2  10  2-2 

"■0  ;5-0  10-0 

2-25  20  4-2;j 

7-5  (i-o  13.;-, 

3-7o  2-0  5-75 

1-25  3;3  4-75 

.)-0  (i-0  11-0 

11-0  (i-5  17-5 

1-0  4-0  5-0 

0-0  (•,..-,  12-5 

H->  -SO  J  9-5 

10  ti-O  7-0 

0-3  7-5  7-8 

0-4  .3-5  5-9 

0-4  6-5  6-9 

0-2  l-G  [.8 

0-6  7-0  7-0 

I  -'5  20  3-5 

0-2  4-5  4-7 

0-7  5-5  0-2 

0(i  19-0  19-6 

0-.')  10-0  lO-,') 

0")  o-o  o-r, 

.">•:>  I-:,  7.0 

l-O  4-0  5-0 

I  •■>  (>•/)  8-0 

2-0  .5-0  7-0 

•>r)  4S  5-3 

0-4  4-7  5-1 

•>-S  3-5  4-3 

or,  4-0  4-6 

■^     ' 10  2-5  3-5 

^     ' 0-7:.  1-7  2-45 

•^     1-2  j.f,  2-7 

<j     ,-       •••     ...              2-0  2-i) 


Apr. 

1()  Stat. 
17  Ba\ 
22     ..' 

Ill 

,, 

22  Stat. 

,  f.' 

23  Bav 

24  Stat. 

iV 

,, 

25  Bay 

,, 

27  Stat. 

i. 

,, 

27     .. 

II. 

,, 

27     .. 

III. 

,, 

29     .. 

III. 

,, 

29     ., 

II. 

,, 

29     „ 

I. 

,, 

29  Bay. 

Aug. 

7  Stat. 

ill. 

Sept. 

11     „ 

I. 

„ 

11     ., 

III. 

„ 

12     .. 

1. 

„ 

12  Mid. 

Cli. 

., 

14  Stat. 

IV. 

,, 

14  Bav. 

., 

ir>  Stat. 

i". 

,, 

15     ,. 

III. 

,, 

16  Bav 

., 

17     .." 

„ 

19  Stat. 

ii'i. 

„ 

21    Bav 

^, 

22 

,, 

24     !," 

,, 

25     ,. 

,, 

28     .. 

., 

29     , 

Oct. 

30     .. 
1     ., 

4-5 
0-0  8-2 


7  „       2-2 

^  "       1'^  9-7  11.. 

'i  "       •••'  5-0  5.4 

I  "       10  14-5  1;>5 

•]  "       3-0  OO  9-0 

\i  "       O'T;-  jo.r,  11.25 

1-J  >'       1-2  40  5-2 

}«  "       30  3-5  6-5 

17  , 10  3.0  4.Q 


2-(i 
3-4 
5-3 

26  ^^       0-5  4-5  5-0 

"       ^°  "       075  5.5  G-25 

^''        29  „       0-75  5-5  G-25 

Nov.       2  „       0-8  4.0  4.8 

6  , 0-3  2-0  "-3 

10  „       0-1  2-.5  •>G 

13  „       0-4  1-5 

30  „       0-2  20 

IJec.       4  „       01  1-8 

15 0-2  2-0  --y.-z 

23  „      0-4  ;.o  O.J 

30  „       0-8  3-2 


J- 9 
2-2 
1-9 
2-2 
2-4 
4-0 
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"  Pulley  '"  Surface  Net. 

Both  last  3''ear  and  this  year  we  have  been  struck  on 
occasions,  when  Avatchinpf  the  action  of  the  surface  nets 
in  a  rough  sea,  with  the  manner  in  which  they  appeared 
to  bank  wp  the  water  in  front  when  meeting  a  wave 
and  then  let  the  line  lie  slack  for  a  few  seconds  when  the 
wave  had  passed — both  actions  being  equally  detrimental 
to  that  normal  and  constant  straining  of  the  water  which 
is  desired.  Consequently,  when  Mr.  Drew  was  assisting 
in  the  plankton  work  on  the  yacht  in  August  he  fitted  up 
one  of  the  surface  nets  with  a  pulley  fixed  to  the  mizzen- 
mast  in  such  a  way  that  when  the  net  took  the  strain  of 
a  wave  more  lin>:-  was  let  out  to  keep  the  pull  as  nearly 
as  possible  constant,  and  the  line  was  taken  up  again  as 
the  strain  was  relieved  between  two  waves.  This 
"Pulley"  net  was  used  on  all  occasions  during  .Vun-usi 
when  there  was  any  sea  running — with  the  results  shown 
ill  a  column  of  the  table  on  page  317. 

This  shows  that  on  most  occasions  (12  out  of  IT)  the 
"  Pulley  "'  net  caught  more,  and  frequently  a  great  deal 
more  (up  to  more  than  S-fold),  tliaji  ilie  oidiiwirv  surface 
net  of  the  same  mesh. 

Whether  somewliat  tlie  same  regulating  efl'ecl  upon 
the  pressure  of  water  on  the  net  could  be  produced  by 
adding  a  truncated  funnel  of  canvas  to  thv.  front  of  the 
net,  like  that  of  the  Hensen  and  other  quantitative  nets, 
is  worthy  of  trial ;  and  all  the  surface  and  other  nets  to 
be  used  on  the  yacht  at  Port  Erin  during  1909  are  now 
being  fitted  with  such  canvas  fronts,  which  will  diminish 
the  opening  of  the  net  from  15  inches  to  G  inches  diameter. 

CoMi'ARisox  OF  New  and  Old  Surface  Nets. 
Kofoid,  in  his  work  on  the  plankton  of  the  Illinois 
River,  found  that  a  new  net  catches  at  least  50  per  cent. 
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more  than  au  old  one.  We  met  last  summer  with  even  a 
more  strikinjj  ease  of  the  effect  of  age  on  the  eatchino- 
power  of  a  net. 


COMPAEISOX   OF    THE    WeIGHT,    FiNE,     CoAKSE,     "  PuLLEV  " 

AXD  New  Xets,  as  eegards  Total  Catch  (iis'  c.c). 


Date,  &c. 


Fine. 


Coarse.        Weight.     "  Pulley. 


Aug. 


4 
4 
5 

6 
6 
6 

7 
7 
8 
10 
12 
12 
12 
13 
13 
17 
17 
18 
18 
19 
19 
20 
20 
21 
21 
22 
22 
24 
26 
26 
28 
31 


Stat.  I. 

,.     in. 

Bay.     ... 
Stat.  I. 

,.       III. 
2  miles  N.W.  of 
Bradda. 
Stat.  I. 

2  m.  ofE  Bradda 
Stat.  II.       ... 
Stat.  1. 
„       1. 
„       III.    ... 
2  m.  S.W.   ... 
Stat.  I. 
Pecten  ]?;nik 
Stat.  I. 

A.       ... 

T. 

III.     ... 

I. 

V.       ... 

I. 

III.  ... 
I. 

IV.  ... 
I. 

III.  ... 
A.  ... 
T. 

Bay      

Stat.  I. 


0-5,  0-8 
0-S,  0-8 
1-4.  2-5 

O-o 
()-7.  2-6 

0-(i 

0-8 

lo 

t)-4 

0-4 

0-() 

1-3 

0-2 

()•(■) 

0-1 
0-.-).  0-4 
0-:5.  0-2 
()-(i,  1-2 
U-4.  0-3 
0-7,  1-0 
0-1.  0-1 
0-7.  0-5 
0-4.  0-2 
2-0,  0-2 
2-4.  0-3 

0-2 

0-r, 

0-.">,  2-0 

0-3 

1-4 
0-1,  0-3 

0-3 


1-5 
1-5 
1-4 
0-5 
0-8 


0-7 

0-0 
l-() 
2-0 
2-0 

0-9 


10 
10 
1-8 
lo 
0-8 
0-6 
1-0 
0-7 
1-5 
l-O 
0-3 

0-8 
0-6 
0-3 
0-2 


4-3 
3-1 


2-8 

2-5 
0-1 
0-4 
0-0 

0-5 

0-6 


3-2 
r>-3 


3-2 
1-9 


0-4 
0-2 


10 


New. 


11-8 

7-5 

30 
2  0 
10 
5-0 
1-5 
0-4 
0-4 


2-0 
01 

10 
1-2 


At  the  oeginning  of  the  season  1908  all  the  ordinary 
plankton  nets  on  the  yacht  were  new,  and  were  made 
from  the  same  piece  of  No.  20  silk.  So,  although  well 
washed  dowii  when  used,  ajid  periodically  soaked  in  fresh- 
water, they  no  doubt  all  got  old  together  and  at  much  the 


318 


TRAXSACTIOXS    LTA-EEFOOL    lUdLOGICAL    SOCIETY. 


same  rate.  Karlv  in  Auo-ust  oiio  of  tlu>  two  i\ur  snrfaro 
nets  was  carried  away,  and  on  Angnst  6th  a  new  net 
which  had  not  yet  been  nsed,  hut  was  otherwise  exactly 
similar,  was  brouo-ht  out  to  take  the  phace  of  the  lost  one, 
with  the  result  that  it  at  once  caught  about  20  times  as 
much  as  the  old  net  and  more  than  three  times  as  much 
as  the  "  Pulley  '"  net.  The  column  headed  '*  New  ''  in 
the  table  above  shows  liow  this  increased  catching  power 
in  the  nevr  net  diminished  rapidly  from  day  to  day  until 
after  being  used  about  nine  times,  on  eight  days,  it 
caught  much  the  same  as  the  old  net  used  at  the  same 


M 


ill Jaa  a Ja  Jai 


Fiii.  15.     Comparison  of  Catches  mado  by  Did  and  New  Xols. 

time.  The  diagram  (fig.  15)  brings  oiil  tin's  (liinlnisliing 
difference  clearly,  and  shows  the  catches  in  the  old  net 
keeping  at  a  fairly  uniform  level,  while  those  in  tlio  new 
net  form  a  rapidly  descending  curve. 

Nets  thus  "  age,"  or  diiuiuisli  in  catching  power  very 
rapidly  ;  and  moreovcu'  some  types  of  catch  diffe]'  very 
much  from  others  in  altering  the  filtration  coelficient  of 
the   net — for    example,    a    net    may    have    its    meshes    so 
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clogp^ed  by  an  abundant  haul  of  Medusae,  or  Fhacoci/stis, 
or  C haetoceros ,  that  it  will  only  let  the  water  throuj^h  very 
slowly  even  when  suspended  in  air.  Such  a  net  cannot 
have  been  hlterin"-  satisfactorilv  duriri"'  its  last  haul,  and 
it  is  very  ditticult  to  get  the  meshes  thoroughly  cleaned. 
The  filtration  coefficient  of  a  net  must  thus  vary  not  only 
with  age,  but  to  some  extent  with  every  individual  catch 
that  is  made,  and  even  possibly  with  the  effect  produced 
by  previous  catches. 

Surface  and  Deeper  Nets. 

On  the  whole,  the  results  obtained  in  1908  conhrm 
those  noted  in  the  report  for  1907.  Again  the  weight  net 
(in  all  other  respects  agreeing  with  the  hue  surface  nelj 
lowered  to  a  depth  of  about  ten  fathoms  and  gradually 
rising  to  a  depth  of  a  fathom  or  two  below  the  surface, 
gave  in  most  cases  a  larger  haul  than  the  similar  surface 
net.  The  various  points  mentioned  in  last  year's  report 
could  again  be  exemplified  from  the  1908  forms ;  but  it 
seems  unnecessary  to  repeat  what  has  already  been 
demonstrated. 

i'orm  No.  10  is  rather  interesting,  as  showing  a 
contrast  between  the  surface  aud  the  deeper  nets  at  a  point 
just  outside  the  bay  to  the  north.  It  also  shows  a  liaul 
taken  on  the  same  day  inside  the  bay,  and  illustrates  Avhat 
is  often  seen,  namely,  that  the  plankton  is  larger  in 
amount  inside  the  bay  than  outside.  The  surface  net  in 
the  bav  obtained  as  much  material  as  the  weight  net 
outside.  It  will  be  noticed  that  few  Dinotlagellata  were 
obtained  in  +he  weight  net,  and  that  more  were  present 
inside  the  bay  than  outside.  It  is  also  noticeable  tlnit  no 
adult  Copepods  were  obtained  on  this  occasion  in  the  bay, 
while  all  three  nets  outside  obtained  some. 

Form    23,    dealing    with    the    gathering    taken    off 
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Niarbyl  on  April  20th,  shows  what  we  consider  to  be  the 
usual  proportion  between  the  catches  taken  by  the 
ditt'erent  nets — the  two  surface  nets  giving  about  4  c.c. 
each,  the  weight  net  about  12  c.c.  and  the  shear  net  about 
20  c.c,  while  the  Hensen  and  Nansen  vertical  hauls  give 
about  1  c.c.  each,  the  Nansen  rather  more  than  the 
Hensen.  On  looking  at  the  constitution  of  the  catches,  it 
is  interesting  to  find  how  closely  the  numbers  of  the 
individual  species  in  most  cases  correspond  in  the  two 
surface  hauls,  being  in  quite  a  number  of  cases  absolutely 
identical.  Then,  again,  the  Hensen  and  the  Nansen  hauls 
correspond  fairly  well,  amounting  to  absolute  identity  in 
the  number  of  Copppochi.  The  increase  in  quantity  in  the 
weight  net  is  due  in  the  main  to  the  greater  number  of 
Copepoda  caught,  and  to  a  swarm  of  Evadne  which  this 
net  alone  seems  to  have  encountered.  The  contrast 
between  the  shear  and  the  other  nets  is  typical,  all  the 
smaller  organisms  being  absent  or  represented  by  a  ie\\ 
retained  accidentally,  while  the  bulk  of  the  gatliering  is 
due  to  such  larger  things  as  Medusae,  Sagitta,  Larval 
Polychaeta,  Crabs  and  Shrimps,  along  with  a  few  of  tJie 
larger  Copepoda  and  some  post-larval  fishes.  The  shear 
net  also  caught  most  of  the  fish  eggs,  the  total  being  loo, 
as  against  20  taken  by  the  surface  net  which  caught  most, 
and  the  same  number  in  the  weight  net. 

Three  days  later  we  returned  to  the  same  spot,  and 
worked  the  same  set  of  nets  with  very  much  the  same 
results,  the  numbers  being: — Surface  nets,  4  and  3  c.c; 
weight  net,  5  c.c. ;  shear  net,  19  c.c. ;  Hensen,  O'o  cc.  ; 
and  Nansen,  1  cc.  The  chief  difference  here  is  that  the 
weight  net  caught  less  compared  willi  i1k>  suiface  aiid 
the  vertical  nets.  Of  course,  the  hauls  in  tlie  two  days 
differ  a  little  in  detail ;  but  the  striking  point  is  the 
similarity  in  general  character,  and  sometimes  even  in  the 
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10 Off  tlie  Carroll,  Bradda,  April  l;3th,  1908. 


Net  used     Surface. 

Depth  in  fathoms      0 

Catch  in  c.cin 2-3 

Asterionella  bleakeleji     3,000 

,.         japonica    1,000 

Biddulphia  mobiliensis 100,000 

Chsetoceros  contorum   — 

debile  10,000 

„           deciplens 12,500 

„           sociale      500 

teres     10,000 

Coscmodiscus  concinnns  10,000 

„                radiatus 98,000 

„                grani  — 

Coscmosira  poly  chorda     1,000 

Ditylium  brightwelHi    — 

Rhizosolenia  semispma     — 

shrubsolei    1.000 

Thalassiosira  gravida    500 

,,             nordenskioldii  500 

siibtilis    500 

Leptocylindnis  daniciis     500 

Ouinardia  flaccida 3,000 

Streptotheca  thameusis    — 

Lauderia  borealis  — 

Ceratium  furca  — 

,,          fusus  ~ 

tripos      

Peridinium      — 

Tintinnopsis  s]) — 

Pieurobiachia  pilcus 1 

Medusoid  gonophores   — 

Sagitta  bi punctata    — 

Autolytus  proUfer     — 

Larval  poljcha3ta 1,500 

'  Mitraria  '  — 

Crab  zoea    — 

My  sis  stage  of  Crangon    — 

Pseudocalanus  elongatais      ...  130 

Temora  longicomis    10 

Acartia  clausi     10 

Oithona  similis  5 

Copepod  naupHi     12,500 

,,        metanauplii — 

Juv 500 

t'irripede  nauplii    130 

Gasteropods,  larval   — 

Lamellibranchs,  larval      500 

Oikopleura  sp 10 

Fish  eggs  Rockling    3 

Dab    1 

„          Dragonet  — 

„          Topknot    — 

„  Whiting     

„          Flounder   — 


Surface 

Surface. 

Weight. 

in  Bay. 

0 

— 

0 

2-5 

4-5 

4-5 

— 

750 

2,500 

05,000 

120,000 

145,000 

— 

750 

3,750 

— 

17,250 

12,500 

1,000 

5,260 

3,750 

— 

3,000 

1,000 

2,000 

11,000 

27,000 

5.000 

18,750 

20,000 

28,000 

42,000 

99,000 

— 

■ — 

700 



500 

2,500 

— 

— 

3,750 

500 

— - 

1,000 

— 

700 

1,000 

— 

— 

1,000 

500 

~ 

— 

500 

500 

2,500 

500 

500 

. — 

— 

— 

2,500 

— 

— 

700 

oOO 

— 

1.000 

1.000 

750 

700 

— 

— 

700 

— 

— 

3,000 

— 



20 

3 
2 
5 

6 

1 



3,800 

— 

500 

. 

— 

10 

4 

110 

750 

6 

34 



10 

60 



— 

20 

— 

7.500 

9,000 

37,500 

— 

— 

100 

1. 000 

1,500 

1,250 

175 

320 

175 

— 

— 

1,000 

— 

750 

1,000 

— 

20 

25 

6 

2 

8 

1 

. — 

3 

— 

1 
1 

1 

3 
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23._OtT  Niarl)yl,  April   '20th.  1908. 


Net  used     

Surf. 
0 

Sin-f. 
0 

Hensen. 
20-10 

Nan.sen. 
20-10 

Weight. 
10 

Shear. 

Depth  iu  f athonis      

10 

Catch  in  c.cin 

4-5 

3-5 

0-8 

1-2 

12-5 

20 

Asterionella  bleakleyi   ... 

750 

750 





1.500 



,,           ja])omca    ... 

750 

750 

— 

200 

1.500 

— 

Biddiilpliia  iuobilien.sis. . . 

87.750 

DO.OOO 

3.450 

4.400 

82.000 

750 

Chtetocero.s  contortum 

1.500 

1.0(10 

75 

100 

3.000 

. — 

.,           debile     

127.500 

120,000 

4.300 

11. .500 

300.000 

75 

,,           decipiens   ... 

7,500 

7,000 

300 

500 

9.000 

— 

„          sociale    

. — 

. — 

75 

200 

3.000 

— 

„          teres  

uo.ooo 

55,000 

3,100 

4.000 

75.000 

75 

Coscinodiscus  concinnns 

9.000 

8.500 

375 

(iOO 

3.000 

— 

„            radiatus 

2(5.250 

25,000 

1,000 

1.700 

45.000 

075 

Dityhnm  brightwclHi    ... 

2.250 

2.250 

75 

■ —    ■ 

4.500 

— 

Rhizosolenia  setigcra    ... 

750 

750 

— 

— 

500 

— 

.,           shmbsolci 

750 

750 

— 

— 

1..500 

— 

Laudoria  borealis  

750 

750 

— 

100 

1.500 

— 

Guiuardia  flaccida      

;{,ooo 

2.750 

75 

100 

1.500 

— 

Nitz.scliia  seriativ    

:5.ooo 

3.000 

150 

100 

1.500 
4,500 



Tintimiopsis  sp 

— 

Ceratiuin  furca  

2.2.30 

2,000 

— 



1.500 

__ 

,,         fusus      

750 
750 
750 

750 
750 
iU.IO 

■ 

100 

500 

.'tOO 

1 .500 



tiipo.s     

Pcridiniuiu      



Medusoid  goa<)])liore.s    ... 

— 

— 

2 

— 

2 

150 

Plutei  of  Echinoderms 

750 

750 

75 

— 

— 

— 

iSagitta  bipimctala    

5 

2 

2 

2 

— 

200 

Lar^val  Polycha'ta      

— 

^ 

150 

— 

— 

865 

Orab  zoea   

3 

2 

1 

__ 

If) 

410 

Myais  stage  of  Crangon 

— 

— 

— 

1 

10 

400 

Evadne  nordnianni   

— 

—r 

— 

— 

1.000 

— 

Calamis  helgolandicu,'?  ... 

— 



— 

— 

— 

5 

Pseudocahimis  elongat^l^< 

15 

25 

55 

55 

1.3()0 

10 

Temora  longiconii.s   

1(1 

10 

.3 

5 

1(10 

5 

Acartia  clau.si     

.")0 

30 

10 

10 

40 

15 

Oithona  .siiiiilis  



5 

5 

5 

20 



Paracalanus    

5 

— 

Copepod  Jiauplii     

1.500 



150 

200 

l..-)00 



Cirripedc  nain)lii  

!t75 

125 

80 

75 

900 

]  .300 

Lamellibranclis,  larval 

750 

750 

1,.500 

Oikopleura  ^^p 

.") 

5 

5 

5 

60 

225 

Fish  eggs  Reckling   

12 

11 

— 

— 

8 

15 

„         Haddock   

1 

2 

•       — 

— 

2 

15 

Whiting     

■> 

— 

— 

3 

9(» 

Rib     

I 

2 





5 



„        Dragonot  

— 

,,         Dab    

1 





2 

—^ 

„         <irey  Ciirnard 

3 

Plaice     

2 

— 

1 

1 

• — 

10 

P.L.  iishes,  PleuronccI  id 

„         Gadoid    

— 

— 

— 

■ — 

— 

20 

„         Clupeoid      ... 

— 

— 

— 

— 

— 

70 
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actual  numbers,  showing;  that  when  tlie  plankton  is  tho 
same  tlie  nets  we  use  show  this.  Again  the  shear  net 
caught  most  of  tho  fish  ctjos  ;ni(]  nearly  all  the  voiin^' 
Ji-'ie    (:;-20  rinp-Miiil  anrl   10  Gad.. id). 

The  adjoiniugf  table,  wliioh  o-ives  certain  hauls  taken 
from  Forms  25.  26  aiul  30,  shows  a  comparison  between 
Station  I  ami  Stati.tii  II  on  April  22nd,  and  the  surface 
nets  in  the  bay  on  April  24th.  Tliis  comparison  brings 
out  the  fact,  seen  also  on  other  forms,  that  the  surface 
plankton  is  often  more  abundant  in  the  bay  than  at  the 
offshore  Stations.  In  this  case  it  cjives  fully  as  laro;e  a 
haul  as  the  "  weight  '  net  at  Station  II.  and  about  foui' 
times  as  much  as  the  averag-e  of  the  four  surface 
gathering's  taken  in  the  open  sea. 

It  will  be  noticed  that  in  the  bay,  while  Diatoms  ai'e 
abundant,  Dinofiagellata  are  entirely  absent :  at  vStation  I 
they  are  present  to  the  number  of  a  few  hundreds  of  eacli 
species  in  each  net :  while  at  Station  II  most  of  the  nets 
have  a  thousand  or  two  of  each  species.  The  Diatoms  are 
less  abundant  at  Station  I  than  at  Station  II,  and  much 
less  abundant  at  both  offshore  Stations  than  in  the  bay. 
The  ''  weight  ""  net  has  not  more  Dinofiagellata  and  not 
more  Diatoms  than  one  of  the  surface  nets,  and  the  greater 
bulk  of  its  gathering  is  due  to  larger  organisms,  such  as 
Sagitta,  Copepoda  and  larval  Lamellibranchs.  There 
were  on  this  occasion  no  fish  eggs  except  Eockling  in  the 
bay. 

' ■  Pl AX KTOX  -]a(")IIR E . ' ' 

With  th"  view  of  asceitaining  whether  there  was 
mucli  regularity  in  the  catch  obtained  from  a  very  small 
quantity  of  water  collected  continuously  over  a 
wide  extent  of  sea,  a  German  Plankton-Iiohre  (Apstein's) 
was     obtained,     late     in     August,     from     Zwickert's     at 
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25,  26,  30.— April  22nd  and  24th,  1908. 


Station  II. 


Station  I.         P.  Erin  Bay. 


11.000 

5.000 

100,000 

12,000 
3.000 

80,000 
1,000 


40.000   30.000 


20,000 
5,500 

500 
24,000 

200 


2,000 
6,000 
1,000 


2,000 
13,000 


—        250        250 


Net  iised   Surf.         Surf.    Weight.     Surf. 

Depth  in  fathoms    0  0             10            0 

Catch  in  c.cm 1-5  3              6          1-2 

Asterionella  bleakeleyi    500  2,000             —           — 

japonica      —  — 

Biddulphia  mobilieiisis   14.000  7.000 

('liietoceros  contortum    1.000  5,000 

clebile    50.000  120,000 

decipieiis      21,500  20,000 

soeiale  4,000  3.000 

teres      48.000  100.000 

criophiluiu  500  2,000 

boreale     500  500 

Coscinodiscus  concinnus     ...  3.000  3.000 

radiatus    4,500,  10,000 

Coscinosira  polychorda  500  1,000 

Ditylium  brightweUii      500  500 

Eticampia  zodiacus     —  — 

Rhizosolema  semispina  500  1.000 

„           shrubsolei    — -  — 

Thalassiosira  gravida 500  — 

nordenskioldii  3,500  5.000 

Lauderia  borealis      1,000  2,000 

Streptotheca  thameiisis      ...  500  ■ — 

Guinardia  flaccida  1.000  — 

Acnanthes  taeniata —  — 

Bacillaria  paradoxa     —  — • 

Tintinnopsis  sp —  — 

Oratiura  furca    1,000  2,000 

fu.su.s    —  800 

tripos  1.000  2,000 

Peridmiuxn    500  2,000 

Medusoid  gonophores     4  30 

Plutei  of  Ecluuoderins    2.50  — 

Autolytus  prolifer   ■ —  — 

Sagitta  bipunctata —  — 

Larval  PolycliiEta    —  — 

'  Mitraria '    250  — 

Crab  zoea     —  — 

Mysis  stage  of  Crangou      ...  —  — 

Evadue  iiordniamii      25  — 

Calanus  lielgolandicus     —  — 

Pseudocalanu.s  clougatus    ...  10  180 

Temora  lougicornis      5  10 

Centropages  hamatu.s      —  — 

Anomalocera  patU^rsoni     ...  45  10 

Acartia  chmsi  125  10 

Oithoiia  siuiilis     —  — 

Copcpod  nau])lii  1.500  7.000 

Juv 500  1.000 

Oirripede  nauj)lii —  - 

cypris  stage      —  ■ — 

(oisteropod-s,  larval —  — 

IjaniellibraiU'lis,   larval    —  — 

Oiko])leura  sp 25  25 

Fisli  <^ggs  Jlockling      21  14 

Bib  8 

Haddock      r,  10 

Cod  4  10 

„         Whiting  12  5 

Dab      3  1 

„         l"o]>knot —  — 

Dragonet —  — 


Surf. 

0 
1-2 


Surf 

0 
6-5 


Surf. 
0 

7 


11.500 

2,000 

500 

17,000 


2,000 

2,000 

41.000 

34,000 

378,000 

13,000 


2,000 

2.000 

45,000 

38.000 

400,000 

20,000 


110.000    150,000 


3,000 
12,500 


1,000 
1.000 
1,000 
500 
4,000 
4,000 

2,000 


2,000 

2,000 

2,000 

500 

65 


250 
750 


250 
500 
250 
250 
250 
6 


500 
1,000 


250 
500 
250 
500 
250 


100 
8 
3 

1 

1.660 

50 

10 
100 

18,000 

2,000 

30 


1 


30 
1 

2.50 

1 


1 

2 
28 

500 


1.000   2.250 

160    200 

14     It 


1..500 


3,000 

23,000 

8,000 

2,000 

500 
3,000 

500 
1,000 
2.000 
6,000 
1,000 
2,000 
4,000 
3,000 
4.000 


1 

.3 

575 


14 


—     —     140 


10 

3.000 
2,000 
1.450 


2."")0 

25(» 

10 

2 


3.500 

24.000 

10,000 

200 

500 

3.000 

500 

1,000 

3,000 

10.000 

1,000 

4,000 

6,000 

3,000 


100 


150 
.30 


20 

4.000 

2.500 

500 

1 

250 

2.50 

10 

1 


SEA-FISIIERIES    LABORATORY. 


S'if) 


Kiel,  and  was  towed  behind  the  ship,  at  a  rate 
of  about  8  knots,  whenever  we  made  a  nui  of 
five  miles  or  so  without  stop.  On  each  such  occasion 
the  piece  of  ^o.  20  silk  from  the  "  Eohre  ''  was  phnifjed 
direct  into  a  small  bottle  of  formol  solution,  and  the  catc-li 
was  obtained  from  it  afterwards.  The  opening  of  the 
Rohre  by  which  water  enters  is  only  1  cm.  in  diameter, 
the  length  of  the  brass  tube  is  about  25  cm.,  and  the  silk- 
covered  wider  opening  is  8"5  cm.  in  diameter.*  The  results 
of  the  nine  hauls,  for  at  least  the  leading  groups  of 
organisms,  are  given  in  the  table,  and  the  most  note- 
worthy feature  is  the  comparative  uniformity  both  in  total 
catch  and  in  the  numbers  of  most  of  the  organisms. 

60. — Plankton-Rohre  Catches. 


Oopepoda. 

Total 

Dinoflag- 

' 

J 

Oiko- 

Date. 

Catch. 

Diatoms. 

ellatcs. 

nauplii. 

jiiv. 

1 

adult. 

pleura. 

Aug.     21... 

0-2 

175 

1,400 

1,425 

325 

736 



„       22... 

0-2 

100 

1,945 

1,500 

100 

423 

40 

„       24... 

0-1 

25 

1,400 

750 

50     1 

101 

9 

,.      26... 

0-2 



250 

1.000 

125     ! 

128 

5 

„       26... 

0-2 

1.125 

1.780 

200    ! 

158 

4 

„       31... 

0-2 

100 

225 

5.50 

100     ! 

132 

60 

Sept.    12... 

0-05 

38 

y(j 

188 

112     : 

59 

„       15... 

0-1 

175 

200 

425 

50     1 

130 

2 

.,       18... 

0-1 

38 

313 

375 

112     1 

1 

102 

1 

CONCLUSIONS. 

This  section  may  be  brief.  It  is  unnecessary  to 
repeat  at  any  length  what  was  given  in  Part  I.  last  year, 
and  there  is  a  good  deal  of  detailed  analysis  that  we  prefer 
to  retain  for  a  further  Part  when  we  have  additional 
evidence  and  another  year's  experience  of  the  work.     We 


*  For  description  and  figure,   see  Dakin,   "Methods  of   Plankton 
research,"  Trans.,  Liverpool  Biol.  Soc,  Vol.  XXII,  p.  538. 
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have  follected,  and  have  printed  in  this  lU^j)ort,  a  o-ood 
deal-  of  evidence  from  \vhicl\  we  luive  as  yet  drawn  no 
cnnclnsions :  and  we  have  made  out  many  lisis,  curves 
and  otlier  diap'ranis  wliich  we  have  kept  hack  t'oi'  fulh-r 
consiiUu'ation  in  the  lio'ht  of  further  ex})eriments.  W'c 
have  r)hu'ed  on  record  what  we  liave  heen  ahle  to  asccilain 
in  rejjaid  to  rlie  local  winds,  tides  and  sea-temperatures, 
ill  the  hope  that  these  facts  may  he  of  use  in  further 
discussion  of  the  occui-rence  and  distrihution  of  jdanklon 
in  the  Irish  Sea. 

Althon^-h  this  second  ycai'  (^lOOS)  has  differed  a  j>ood 
deal  in  details  from  1907,  still  certain  hroad  series  id  fads 
are  common  to  the  two  years. 

(1)  We  ajjain  find  that  the  Diatoms  inedominale  in 
spring-  ;ind,  to  a  less  extent,  in  lat(^  ;iuninin.  ami  ;ii(' 
practically  absent  in  summer. 

(2)  We  attain  llnd  that  while  Hsk  eji^o-s  and  many 
other  orfranisms  (when  present)  occur  in  units  and  tens  in 
an  average  haul  of  oui-  nets,  Copepoda  generally  run  t<i 
lumdreds,  DinoHagellates  to  a  few  thousands,  and  Diatoms 
into  tens  of  Ihou.-ands.  or  anything  between  that  and 
millions. 

(•'))  From  the  insjx'ction  of  the  hoi-ms  j'ecording  the 
catches  we  again  get  the  im|)]-ession  that  much  the  same 
organisms  ar(^  pi'esent  in  the  diPl'ercuit  nets  at  the  one  time 
of  vear  in  somewhat  similar  ])ro|)oil  i(uis,  so  that  although 
it  is  possible  to  discuss  the  general  cliaracter  of  the  fauna 
and  the  relative  abiindance  of  different  groups,  it  is  mit 
possible  to  \ise  the  numbers  as  the  basis  of  calculations  as 
to  the  (|uantity  of  any  grou]»,  or  of  living  things  as  a 
whole,  in  any  huge  area  of  the  sea  at  a  particular  time  — 
the  restdis  ai'rived  at  mighl  easily  be  •')•)  pei-  cent,  w  roug 
in  either  direction. 

(4)    AVe  again    liiid   I  hat    (he  shear   nel.   oi    a  n  \'    lai'ger 
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wide-meslied  net,  such  as  the  Yugel-trawl,  catches  far 
larger  quantities  of  the  larger  organisms,  and  fewer  of  the 
smaller  forms  such  as  Diatoms  and  Dinoflagellates  and  the 
more  minute  Larvae.  After  the  evidence  that  we  quoted 
last  year  from  the  Forms,  it  is  unnecessary  to  say  more 
tlian  that  that  result  has  been  corroborated  again  by  this 
year's  work. 

(5)  We  find  again  that,  except  on  a  few  occasions, 
the  weighted  net  working  in  a  deeper  zone  obtains  a  larger 
catch  than  the  surfaf/e  nets,  and  that,  on  the  whole,  the 
most  populous  layer  in  the  water  is  a  few  fathoms  below 
the  surface. 

(6)  Again  the  Xansen  net,  worked  vertically  through 
the  zone  from  20  up  to  10  fathoms,  invariably  catches 
more  than  the  Hensen  net  under  the  same  circumstances, 
and  in  the  April  hauls,  at  Station  I,  may  have  as  much  as 
ten  times  the  quantity  of  Diatoms.  In  some  cases  the 
Hensen  net  shows  clearly  an  increase  of  catch  on  being 
hauled  up  through  a  more  superficial  zone  than  the  usiial 
20-10  fathoms;  but  in  other  cases,  it  does  not.  For 
examples  of  the  former,  which  wo  regard  as  the  normal 
state  of  aifairs,  take  :  — 

April  24.  Station       I— 20-10  faths.  =     9,175  ;  20-0  faths.  =  18,050 

,,     29.  „         III— 10-5        ,,        =  35,065  ;  10-0      ,,       =  4?.,750 

August  20.  ,,             1—20-10     ,,        =        400;  10-0      ,,       =        SCO 

September  15.  ,,             1—20-10     ,,       =     1,000;  20-0      „       =     2,050 

The  increased  catch  seems  due  not  merely  to  the  increase 
of  distance,  but  to  the  fact  that  above  10  fathoms  the  net 
enters  a  more  populous  zone  (see  August  20th,  above) ; 
while  April  29tli  supports  the  view  that  10-5  fathoms  has 
a  richer  fauna    than  the  water  above. 

(7)  The  general  result  this  year  is  that  the  spring 
and  autumn  maxima  of  Diatoms  are  distinctly  later,  and 
are  also  less  marked   than  in  1907.     The    maxima    of   the 

X 
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Diuofiajjellata  in  the  bay  were  about  a  month  later  in 
1908,  but  they  attained  a  higher  level.  The  Copepoda 
on  the  other  hand  did  not  reach  so  high  a  point  in  the 
bay  this  year.  Tor  further  details  in  regard  to  these,  and 
also  as  to  the  occurrence  of  other  groups  compared  with 
the  previous  year,  reference  must  be  made  to  the  body  of 
the  Report. 

(8)  Some  points  which  might  vitiate  results  have 
occurred  to  us  in  the  course  of  our  work,  or  have  been 
suffg-ested  by  critics.     These  we  shall  now  brieflv  consider. 

1.  The  difference  between  the  two  sides  of  the 
ship. — It  has  been  suggested  that  similar  nets  hauled 
simultaneousl}^  on  the  port  and  starboard  sides  may  differ 
in  catch  because  of  the  disturbing  effect  produced  by  the 
boat  upon  the  surface  water  and  its  contained  organisms. 
jS^o  doubt  when  the  ship  is  broadside  on  to  any  wind,  tide 
or  sea  the  windward  and  leeward  sides  might  yield  some- 
what different  hauls  in  the  surface  nets ;  but  such 
conditions  were  not  present  in  our  experiments.  The 
surface  nets  were  towed  close  together  over  the  stern,  and 
the  boat  was  kept  head  to  wind  and  sea  ;  consequently  the 
nets  were  never  one  to  windward  and  one  to  leeward,  and 
both  received  the  same  amount  of  ex]insure  oi'  shelter  as 
the  case  might  be.  It  was  only  when  using  the  vertical 
nets  (Hensen  and  Nansen)  hauled  up  from  deeper  strata 
that  one  was  worked  on  each  side  of  the  ship,  which  was 
then  ke])t  as  nearly  stationary  as  possible  with  hor  head  to 
the  sea  or  wind,  and  in  these  cases,  as  the  nets  were 
generally  used  to  collect  samples  of  the  deeper  strata  only 
and  were  closed  at  ten  fathoms  from  the  surface,  any 
disturl)ance  of  the  surface  fauna  due  to  the  shiji  would  not 
ati'ect  their  catch. 

2.  The  effect  of  the  sliip's  screw-propeller  n])on  the 
catch     of    nets    towed    astern. — In    a    review    of    Part    I 
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of  our  work  which  appeared  in  "  Internationale  Revue 
tier  Gesamten  Hydrohiologie  xind  Hi/drograpJiie "  for 
December,  190S,  by  Prof.  C.  A.  Kofoid,  the  reviewer 
suggests  "■  that  possibly  the  two  nets  towed  aft  the  boat 
were,  owing  to  the  swirl  caused  by  the  propeller,  probably 
straining  water  which  in  the  undisturbed  sea  was  at 
different  levels,  and  that  their  catch  represents  the 
plankton  not  of  the  upper  two  feet  but  of  a  considerable, 
and  for  the  two  nets  probably  different,  radiii'i  below  this 
level"  {loc.  cit.,  p.  846). 

In  a  private  letter  to  one  of  us,  Prof.  Kofoid  again 
raises  the  same  point,  and  adds: — ''At  a  distance  of 
50  feet  behind  the  vessel  it  is  quite  possible  that  the 
diameter  of  the  moving  mass  would  be  over  8  feet — as 
surface  water  is  stirred  and  presumably  the  deeper  layers 
to  a  slightly  less  distance  ....  These  limits  are  just 
such  as  might  well  make  the  difference  betw^een  a  catch 
with  many  worm  and  Crab  larvae  and  adult  Copepoda,  and 
one  without — under  certain  conditions  of  light  or  time  of 
day." 

In  our  steamer  the  diameter  of  the  propeller  is  4  feet, 
and  when  one  of  the  four  blades  is  vertical  its  top  is 
just  2  feet  below  the  water  line  in  a  calm  sea.  So  the 
water  is  stirred  up  directly  by  the  propeller  blades  to  a 
depth  of  0  feet  below  the  surface,  and  indirectly,  no  doubt, 
for  some  little  distance  below  that ;  but  whether  organisms 
would  be  brought  up  to  the  surface  nets  from  a  greater 
distance  than,  say,  a  fathom  and  a  half  is  probablv 
doubtful ;  and  whether  stirring  up  to  that  deptli  will  make 
a  difference  in  the  catch  is  also  questionable.  Still  these 
are  all  points  that  ought  to  be  cleared  up  by  experiment, 
and  we  propose  to  deal  with  them  in  the  coming  season, 
and  to  compare,  for  example,  the  catches  in  nets  towed 
some  little  way  off  the  side  of  the  ship  with  similar  nets 
towed  behind. 
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If  the  oatcli  in  nets  over  the  stem  is  seriously  affected 
by  the  action  of  the  propeller,  then  it  is  difficult  to  account 
for  the  great  similarity  of  the  catches  in  these  nets  on 
some  occasions — -as,  for  example,  o\i  April  2'2nd,  1907, 
when  Form  45,  which  was  (juoted  in  last  year's  repoil. 
sliows  that  the  two  surface  nets  at  Stati;)U  IV  (•au<<'lii 
precisely  the  same  amount  of  material ,  and  where  the  lists 
of  organisms  constitutino'  the  cat:-!!  vsere  almost  exactly 
alike,  both  in  species  and  numbers.  Such  a  close  agree- 
ment can  scarcely  be  explained  otiitrwise  than  as  due  to 
similar  sampling  of  similar  populations.  That  it  cannot 
be  due  to  an  unusual  condition  where  the  surface  and 
the  deeper  zones  are  at  the  time  alike  in  population  is 
shown  by  the  fact  that  the  weight  net  on  the  same  occasion 
brought  u[)  a  catch  which  difVeied  from  the  two  surface 
hauls. 

•  !.  In  Part  1  of  this  investigation  last  year,  we  arrived 
at  the  conclusion  that  the  constitution  f)f  the  plankioii 
fi'oin  time  to  time  thi'Dughout  the  year  is  due  to  the  inter- 
action of  three  factors: — 

(1)  The   sequence  of  the   stages   in   the  normal  life- 

history  of  the  different  organisms. 

(2)  Irregularities  introduced  by  the  interaction  of  tht^ 

different  organisms. 
(•))  More  or  less  periodic  abnormalities  in  either  time 

or  abundance  caiised   by   the   ])hysical   changes 

in  the   sea    which    may   be  gioiipt'd    together   as 

"  weather.'" 
Prof.  ('.  A.  Kofoid,  in  his  review  referred  to  above 
(Intemnt.  Rev.  Hydrohiol.  unci  Hydrogr.,  December, 
1908,  p.  845),  seems  to  find  some  inconsistency  in  th(>  use 
of  the  first  and  the  last  of  these  factois.  In  case  Piof. 
Kofoid,  and  possibly  others^  have  not  entirely  undiMstood 
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our  meaning,  we  siiould  like  to  try  to  make  our  position 
clear  by  means  of  an  example  and  a  diagram. 

Let  us  suppose  that  the  line  A  .  .  A  (in  fig".  16,  I.)  is 
the  normal  and  undisturbed  curve  representing  the  life- 
history  throughout  the  year  of  the  population  of  that 
organism  in  a  particular  locality.  It  is  a  small  popula- 
tion early  in  the  year,  increases  to  a  maximum  in  summer, 
and  dies  down  again  in  winter.     That  curve  represents  the 
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Fig.  16. — I..  A A,  supposed  curve  of  normal  lite-history  disturbed 

by  the  influence  of  enemies,  "  weather,"  &c. 
II.,  the  resulting  curve  due  to  the  effect  of  all  the  factors. 


effect  of  our  first  factor  alone.  Some  organisms  may 
show  such  a  curve  under  some  circumstances,  but  it  is 
probably  much  more  usual  for  the  curve  to  be  affected  by 
the  two  other  factors  in  the  following  manner.  The  line 
BB  may  represent,  diagramatically,  the  inroad  made 
upon  the  supposed  population  by  natural  enemies.  That 
is  an  example  of  the  action  of  our  second  factor,  and  such 
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encroachments  may  be  great  or  small,  may  be  confined  to 
certain  periods  of  the  year,  or  may  be  continuous  so  as  to 
redvice  the  original  curve  more  or  less  alons:  its  whole 
length.  Finally,  the  lines  CC  and  DD  may  indicate 
the  manner  in  which  unusual  "  weather "  conditions 
(under  which  we  include  changes  in  salinity  and  tempera- 
ture of  the  water  as  well  as  any  unusual  currents,  storms, 
sunshine,  &c.  may  retard  (as  at  C  in  spring)  or  prolong 
(as  at  D  in  late  autumn)  the  noiinal  increase  in  the 
population. 

The  resulting  curve  due  to  the  combination  of  all 
these  factors  in  this  supposed  case  would  then  be  as  shown 
in  tig.  16,  II.  Whether  it  may  eventually  be  possible  from 
a  consideration  of  all  the  environmental  conditions,  and 
the  comparison  of  different  years,  and  different  localities, 
to  disengage  from  one  another  the  action  of  these  three 
factors,  so  as  to  be  able  to  predict  what  the  effect  of 
weather  (in  the  widest  sense)  may  be  upon  the  normal 
plankton  supplies  and  upon  the  Fisheries  of  any  sea-area 
is  quite  another  question,  and  one  which  without  much 
further  experiment  and  comparison  of  results  under 
varying  conditions  cannot  yet  receive  any  definiie  answer. 
But  the  problem  does  not  seem  so  complicated  as  to  forbid 
all  hope  of  ultimate  analysis  and  solution,  and  conse- 
quently it  seems  desirable  that  the  work  shouhl  bo 
vigorously"  prosecuted  in  as  many  localities  as  possible, 
not  as  an  aimless  collection  of  statistics,  but  as  a  definite 
ex])crimental  research. 
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No.  XVIL— PECTEN. 

The  Edible  Scallop. 

BY 

\V.    T.    DAKIX,    M.Sc, 

I8di  Ej:Inbiiiun  Scliular,    Univeraitu  of  Liverpool. 

INTRODUCTIOTs^ 

Altliougli  the  greater  part  of  the  following  account  oi 
this  t^-pe  applies  to  the  anatomy  and  histology  of  Pecfen 
maxiinus,  the  ver}'  common  smaller  species  P.  oiyerciihiris 
has  also  been  investigated.  Some  details  in  which  the 
latter  differs  from  P.  ma.rimus  are  mentioned  in  the  text, 
but,  on  the  whole,  these  differences  are  but  slight,  and 
either  species  may  be  dissected  and  examined  wliile  using 
this  Memoir. 

The  work  has  been  carried  out  chiefly  in  tlic  /oology 
Department  of  the  rniversity  of  Liverpool  and  at  the 
Port  Erin  Biological  Station,  Isle  of  Man.  Tlie  chemical 
work  was  done  at  Larne.  Co.  Antrim,  and  some  of  the 
observations  on  the  sense  organs  at  Kiel.  My  thanks  are 
due  to  Professor  Herdman  for  his  valuable  advice,  ajid 
for  aid  in  obtaining  living  material  by  dredging  at  Port 
Erin ;  also  to  the  Larne  Aluminium  Company  for  per- 
mission to  use  their  chemical  laboratory  :  and  finally  to 
Mr.  Cliadwick,  Curator  of  the  Port  Erin  Biological 
Station. 

TAXONOMY   AXl)    DISTRIBUTIOX. 

Pecten  maxiinus  and  P.  oj^ercithcris  are  two  of  the 
common  British  species  of  the  genus  Pecten.  and  are 
known  in  some  places  as  "  scallops.       Pecten  is  the  most 

Y 
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familiar  genus  of  the  family  Pectiiiidae,  the  correct 
position  of  which  among'st  Pelecypoda  or  Lamelli- 
hranehiate  Molluscs  is  not  easy  to  determine.  The  shells, 
gills,  muscles,  mantle,  siphons,  &c.,  have  all  been 
employed  in  classifying  the  Lamellibi'anchiata,  but,  so 
far,  without  really  satisfactory  results.  The  following 
classification  proposed  by  Pelseneer  (7),  and  founded  on 
the  struct uic  of  the  gills,  a]ipears  to  be  the  most  reliable. 

Protobranchia  Lamellibranchia  possessing  gills  with 
Hat  and  non-reflected  filaments  disposed  in  two  rows  on 
opposite  sides  of  the  branchial  axis. 

Filibranchia — "With  gills  formed  of  parallel, 
veutrally  directed,  and  reflected  filaments.  The  succes- 
sive filaments  are  joined  together  by  cilia  disposed  in 
"  ciliated  discs." 

Eulamellibranchia — In  which  the  gills  and  biiiiichial 
filaments  are  united  at  regular  intervals  by  vascular 
junctions. 

Septibranchia — Dimyarian  Lamellibrauchs  in  which 
the  mantle  nauains  fairly  open,  the  gills  have  disa[)|)c;ircd 
as  respiratory  organs  and  have  been  trajisformed  into  a 
muscular  septum  dividing  the  p;il]i;il  cavity  inlo  two 
chambers. 

Itidewood  (12)  keeps  the  first  of  tliesc  or(hM>  ;is  if 
stands,  but  divides  the  remaining  Lamellibrauchs  into 
only  two  orders,  as  follows:  — 

Ord.  1. — Protobranchia  (as  above). 

Ord.  II. — Eleutherorhabda.  This  is  practically  the 
same  as  iho  Filibranchia. 

Ord.  III.  -Synaptorhabda.  This  includes  Pelseiieer's 
two  orders,  Juilamellibranchia  and  Septibianchia. 

Thus  acaording  to  both  these  classifications,  the  older 
•'•roup,  l*scud()hiiucllil)ianchia  is  (h)nc  away  witli.  Tliis 
order  included    the   Pectinacea  and   the   Ostraeacea :    the 
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first   of  tlie?e  has  been  reinoved  to  the  Filibranrhia   and 
the  second  to  the  Euhimellibranchia. 

We  see,  therefore,  that  the  position  of  our  type  is 
as  follows :  — 

Class:  Lamellibranchia.  Ord. :  Filibranchia.  Sub- 
order: Pectinacea.      Fam   :   Pectinidae.      Genus:   Pecten. 

The  American  scallop,  however,  Pecten  tenuicostatus, 
has,  according  to  Drew  (1),  the  gill  filaments  nnited  by 
interfilamental  vascular  junctions,  thus  forming  one 
exception  to  the  definition  of  the  Filibranchia,  and 
serving  to  show  how  insufficient  single  characters  may  be 
in  a  scheme  of  classification. 

The  sreniis  Pecten  is  of  world-wide  distribution, 
though  most  of  the  species  are  confined  to  smaller  areas, 
and  the  habitat  extends  from  the  littoral  zone  down  to  the 
•450  fathom  line  and  probably  further. 

The  distribution  in  time  extends  from  the  Cretaceous, 
and  possibly  it  goes  even  further  back  to  the  Carbon- 
iferous period.  Jackson  (3)  in  his  work  on  the  Phvlogeny 
of  the  Pelecypoda,  has  shown  how  this  genus  is  related 
by  the  structure  of  the  early  nepionic  shell  to  the 
Aviculidae,  and  in  all  probability  the  fossil  Avicul()j)ecten 
of  the  Devonian  rocks  was  a  connecting  link,  so  tliat  tlie 
ancestry  of  the  Pecten s  can  thus  be  traced  back  to  Silurian 
times. 

In  addition  to  Pecten  Dur.ciinii.'i  and  P.  O'percnhiris- 
generally  distributed  in  European  seas — the  following 
species  are  found  round  the  British  coast: — Pecten  pusin 
(Linne),  Pecten  varius  (Linne),  var.  imi'jnirea,  Jeffrey's, 
and  var.  nivea,  Macgillivray,  P.  sulcatum  (Miiller),  P. 
fragilis  (Jeffreys),  P.  clavatus,  var.  septemradiatus,  Miiller, 
var.  alha,  Jeffreys,  and  var.  dumasi,  PajTaudeau,  P. 
tigerinus  (Miiller),  and  var.  costata,  Jeffreys,  P.  incom- 
parahilis  (Risso),  P.  striatiis  (Miiller),  P.  similis  (Laakey), 
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P.  vitreus  (Chemnitz),  P.  f/rcr.rilatuhciis,  Sowerby,  and  four 
varieties  of  Pecten  opereuJ<iris  -  var.  lineaia,  da  Costa,  var. 
tumida,  Jeffreys,  var.  elongnto.  Jeffreys,  and  var.  audouini, 
Payraudeau. 

For  systematic  descriptions  of  these  species  and 
A-arieties  reference  sliould  be  made  to  Forbes  and  Tlanley's 
"  ]3ritish  MoUusca,""  and  Jeft'revs'  "  British  Concholoffv.'" 

])0tli  P.  fiut.r/m/f.'^  and  J\  opcvcidd li.^,  but  especially 
the  latter,  are  gregaritjus ;  and  in  various  places  runnd  the 
British  Coast  beds  of  scallops  exist  where  P.  operciddru 
can  be  t)btained  in  thousands  by  dredging.  Both  species 
prefer  a  sand  or  gravel  bottom,  but  sometimes  they  occur 
ou  mud.  The  depth  of  the  great  bed  of  P.  ojfercidaris, 
situated  off  Port  Erin  at  the  South-west  end  of  the  Isle 
of  Man,  is  about  lT-2'.i  fallioms,  and  all  the  s})ccimciis  of 
both  species  used  in  ])re[)aiing  (his  Memoir  came  from  an 
average  depth  of  about  20  fathoms. 

BIONOMICS. 

'V\w  animal  is  found  lying  free,  neillicr  adiicicnl  by 
the  shell  nor  by  a  byssus.  Locomotion,  however,  is 
carried  on,  not  by  the  usual  Tjanicllibrancli  mctlioils  ol' 
creeping  or  leaping,  but  by  spasmodic  swimming.  This 
is  oni'  of  the  most  interesting  ])eculiari1ies  of  tlu^  genus, 
and,  moreover,  ceifaju  features  in  the  anatomy  of  (h(^ 
mollusc  have,  in  all  pi'obabilily,  lu'cn  modifi(Ml  owing  lo 
tills      iial)it.  /'(//(/I      o/Jcrcid(iris     swims      much      more 

frequently  aiul  for  a  longer  p(>riod  iluui  /■*.  iiut.rhnits,  and 
if  specimens  are  kept  in  a(|uaiium  tanks,  it  is  (piitc  easy 
to  follow  their  movements  and  make  out  the  structures 
involved  in  this  curious  method  of  piogression.  It  strikes 
one  at  once  that,  cjuitrary  to  what  migiit  be  exjiected, 
the  animal  moves  with  tli.'  ventral  edges  of  llic  shell 
foremost.     The  mollusc,   nhidi  has   hccji  hing  on  luie  of 
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its  valves,  causes  the  sliell  to  open  and  close  in  a  very 
rapid  manner,  and  it  might  be  thought  that  at  each 
sudden  clapping  of  the  two  valves,  the  water  between 
them  would  be  forced  out  ventrally  and  that  the  animal 
in  consequence  would  move  with  the  hinge  line  foremost. 
The  free  or  ventral  border  of  the  valves  is,  however, 
directed  forwards  in  swimming,  and  the  animal  seems  to 
take  a  series  of  bites  at  the  water. 

As  will  be  subsequently  described,  the  valves  in  both 
species  are  not  mirror  images  of  each  other.  Pecten 
inaximua  has  the  right  valve  very  much  more  convex, 
while  the  left  is  quite  flat.  In  P.  operciilaris  the  two 
valves  are  much  more  alike  but  the  right  is  slightly  less 
convex  than  the  left.  Pecten  maximus  lies  on  the  convex 
valve  or  right  side,  and  the  flat  side  is,  therefore,  superior, 
and  is  generally  covered  with  barnacles,  serpula, 
zoophytes,  &c.  P.  operculariA  also  shows  by  the  attached 
animals  being  found  always  on  the  same  side,  that  it  lies 
on  the  right  valve.  If  a  specimen  is  turned  over  on  to 
the  other  side,  it  will  make  efforts  to  turn  back,  and 
usually  regains  its  normal  attitude  in  a  few  minutes. 
The  two  diagrams  in  text  (fig.  1)  show  that  while  the  two 
species  both  lie  on  the  right  valve,  in  one  case  the  more 
convex  side  is  downwards,  and  in  the  other,  upwards. 

If  the  undisturbed  animal  is  watched  as  it  opens  the 
valves  (which  it  does  very  slowly),  the  tentacles  (Plate 
II.,  fig.  1,  Tn.)  will  first  be  seen  gradually  protruded,  then 
the  eyes  will  become  obvious,  and  lastly,  when  the  valves 
are  some  distance  apart,  the  two  free  edges  of  the  mantle 
(which  j)reviously  lay  against  the  mantle  lobes  proper) 
move  outwards  until  they  stand  almost  at  right-angles  to 
the  plane  of  the  valves,  so  as  to  form  one  curtain  or 
■'  velum  "  (fig.  1,  T".)  hanging  from  the  upj^er  valve  and 
uue  .projecting  up  to  meet  this  from  the  lower  valve. 
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In  the  resting'  condition  the  valves  of  the  shell  are 
opened  very  considerably,  hut  the  organs  in  the  pallial 
cavity  cannot  he  seen  owing-  to  i  he  fact  that  the  edg-es  of 
the  upper  and  lower  vela  are  just  in  contact.  By  putting 
a  few  g-raius  of  carmine  in  the  sea  water,  an  inhalent 
current  can  be  demonstrated.  This  enters  th?  pallial 
cavity  by  passing'  between  the  mantle  lobes  all  round  the 
marg'in  of  the  shell  except  for  a  small  distance  posteriorly. 
Here  there  is  a  strong  exhalent  current,  and  thus, 
although  no  morphological  siphons  are  present,  there  are 
well-defined  areas  for  the  inhalent  and  exhalent  respira- 
tory and  nutritive  currents. 

^Mlen  the  animal  is  about  to  swim,  the  foUowine" 
iliang-es  take  place:  the  valves  slowly  open,  that  is,  thev 
move  further  apart  tliaii  in  the  resting  condition,  and  ihe 
visceral  mass  can  be  seen  between  the  mantle  edges.  At 
the  same  lime  the  two  vela  lie  slightly  turned  back 
against  the  mantle  lobes  as  if  moved  inwards  by  the 
inflowing  water  due  to  the  divarication  of  the  valves. 
Towards  the  end  of  this  opening  motion  the  tentacles  are 
(|uitc  .suddenly  retracted  all  round  the  mantle  edge,  and 
immediately  the  sliell  shuts  with  a  sna}).  Just  at  this 
moment,  however,  the  two  vela  take  up  the  vertical 
positioji,  with  their  margins  touching,  and  by  means  of 
their  muscailar  structure  retain  this  position,  acting  as  a 
])erfect  barrier  to  the  water  which  must  escape  from  the 
})allial  cavity.  The  result  is  that  the  water  escapes  only 
where  the  two  vela  are  not  well  developed,  and  where  they 
do  not  dam  back  the  current,  and  tiiis  is  on  each  sid(>  of 
the  doisal  edg(!  of  the  shell. 

T'liere  are,  therefore,  two  jets  of  water  shot  out 
dorsally  at  each  sudden  closing  of  the  shell,  for  the  process 
al)Ove  described  is  I'epeated  rapidly  Ini  siveial  seconds, 
iniij     e(iMse(|  ueiit  ly    llie    animal     moves    oiiwaT'd     will)     the 
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ventral  margin  foremost.  An  inclination  to  one  side  or 
the  other  can  he  effected  by  partial  closure  of  one  of  these 
dorsal  openings. 

The  sudden  retraction  of  the  tentacles  is  always  the 
signal  for  the  closing  of  the  shell. 

The  animal  can,  in  addition,  force  the  water  out  at 
the  ventral  margin  b}'  not  bringing  the  pallial  barrier 
into  play.  This  occurs  when  it  is  suddenly  stimulated, 
and  then  it  darts  away  with  the  hinge  line  foremost.  It 
also  is  interesting  to  note  that  when  the  animal  is  turned 
over  on  to  the  upper  side,  it  rights  itself  in  a  very  short 
time  by  driving  water  out  sharply  between  the  ventral 
margins  of  the  shell.  This  forces  the  hing^e  line  back 
against  the  ground  and  is  then  used  as  a  fulcrum  on  which 
to  turn  over.  When  in  the  normal  position,  that  is, 
lying  on  the  convex  valve,  a  slight  jet  of  water  sent  out 
ventrally  causes  that  edge  of  the  shell  to  rise  from  the 
bottom,  so  that  the  normal  movements  of  swimming'  cau 
take  place  without  any  hindrance  from  friction  with  the 
bottom. 

The  equilateral  character  of  the  shell  of  Pecten  is, 
perhaps,  a  modification  due  to  the  development  of  the 
power  of  swimming  and  we  may  also  put  down  to  this,  the 
evolution  of  a  muscular  velum,  the  large  single  adductor 
muscle  with  its  adaptations  for  rapid  contraction,  and  also 
the  large  internal  cartilage  for  opening  the  shell. 

It  is  doubtful  whether  adult  Pecten  maximus  or  P. 
opercvlaris  ever  employ  the  foot  for  purposes  of  locomo- 
tion. This  seems  to  be  rudimentary  in  the  adult  as  far  as 
its  use  as  a  locomotive  organ  is  concerned,  but  as  on  one 
occasion  I  Avas  able  to  see  a  P.  maximus  protrude  its  foot 
— which  is  evidently  capable  of  much  distension — out  of 
the  shell,  it  may  be  possible  tliat  in  its  normal  habitat  it 
uses  the  foot  more  frecpuMitly.       I   have  not  been  able  to 
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examine  the  very  youiitr  stayes  of  P.  ma.r.irmi.s,  but  P. 
opercular  is  and  P.  irradians  of  the  American  coast  have  a 
])eriod  before  the  free  statje  is  reached,  wlicn  they  attach 
themselves  by  means  of  a  byssus. 

In  a  still  earlier  sta»'e  after  the  free-swimmino^  larva 
lias  settled  doAA"n,  the  animals  are  nuattached  and  crawl 
;ihnut  actively.  The  toot  is  protruded,  attached  to  some 
object  and  then  contracted,  and  in  this  way  the  animal 
is  pulled  alono-  by  successive  attachments  and  contractions 
of  the  foot.  The  foot  of  the  adult  Pecten  is  very  like  a 
sucker,  thoug-h  in  no  case  liave  I  seen  it  used  in  the 
manner  above  described. 

Following  the  crawling  stage  we  have  the  byssus 
stage,  and  the  foot  takes  pa  it  in  the  attachment  of  the 
threads. 

•lackson  (3),  who  has  watcdied  the  American  species, 
describes  it  as  follows: — "Lying  on  the  rigiit  valve,  tiie 
foot  is  extended  on  the  surface  of  the  dish,  the  Hattened 
distal  portion  taking  a  firm  hold  as  if  about  to  crawl. 
This  position  is  maintained  for  a  moment  or  two  and  then 
the  foot  is  withdrawn  within  tlu'  body,  by  the  motion  of 
retraction  it  draws  out,  or  spins,  the  byssal  thread,  which 
the  creature  had  fixed  to  the  surface  of  the  dish  Avhile  the 
foot  -was  laid  (dosely  against  it.  Soon  the  foot  is  again 
extended,  jncssed  tiatly  against  the  dish  and  another 
byssal  thread  is  span,  three  is  the  common  number  wilh 
specimens  in  conhnement." 

If  disturbed  the  attached  scallop  can  break  or 
cast  off  its  byssal  threads  and  swim  by  clapping  its  sludl. 
The  adult  P.  (>j>ercularis  only  occasionally  shows  any  signs 
of  the  byssus,  but  P.  varius,  another  common  ]iriiish 
s|)ecies,  is  usually  attached. 

J'ecten  feeds  largely  on  veg(dal)le  matter,  such  as 
diatoms,  fragments  and  spores  (d'  algae,  (ogelher  with  the 
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smaller  ruicro-criistafea  suspeiulecl  in  the  inlialpiit  current 
which  is  continually  passing  between  the  mantle  lobes.  This 
current  is  set  up  by  the  cilia  on  the  gills  and  palps,  the 
water  is  filtered  by  means  of  the  gills,  and  the  microscopic 
matter  is  entangled  in  mucus  and  conducted  to  the  mouth. 

The  foot  is  a  great  mucus-secreting  organ,  and  the 
labial  palps  and  lips  direct  the  food  current  to  the  mouth 
opening. 

When  dredging  on  Pecten  grounds,  empty  shells 
are  frequently  dredged  up,  which  are  neither  old  nor  have 
the  appearance  of  having  been  unoccupied  for  long.  It  is 
probable  that  starfish,  together  with  the  whelk,  are 
accountable  for  some  of  these  empty  shells.  A  large  dog 
whelk  in  Port  Erin  aquarium  had  killed  and  partially 
eaten  a  P.  maxivius  by  getting  the  anterior  end  of  its 
shell  between  the  separated  valves  of  Pecten,  and  then 
attacking  the  adductor  muscle  with  its  proboscis. 

Parasites  are  very  scarce,  no  internal  ones  havino- 
been  met  with  in  any  of  the  specimens  sectioned. 
Llchoinolgus  maximus  (8)  is,  however,  an  interestino- 
ectoparasitic  copepod  which  may  be  obtained  bv  washing 
in  sea  water  the  gills  and  mantle  to  which  it  adheres.  It 
is  of  an  orange  colour,  very  like  that  of  the  gills,  and,  so 
far,  has  only  been  found  in  P.  /iu/,vi>iius,  from  which  the 
specific  name  is  taken. 

Very  often  the  shells  of  Pecten  are  bored  through  bv 
('Hone  celata  (a  boring  sponge).  This  ramifies  extensively 
between  the  outer  and  inner  layers  of  the  shell,  and  gives 
oft'  short  shoots  which  pass  outwards  to  the  external  and 
internal  surfaces  of  the  valves.  At  the  points  where 
these  tubes  perforate  the  internal  layer  of  the  shell,  the 
mantle  secretes  calcareous  nodules  of  a  dark  grey  or  black 
colour. 

The  outer  surface  of  the  u])per  valve  foj'ins,   as  (uie 
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would  expect,  a  good  platfni'jii  for  such  sessile  animals  as 
Balanus,  Zoophytes,  Serpula,  &c.  ;  and  the  upper  valve, 
of  nearly  all  the  specimens  of  F.  opercularis  taken  off  the 
Isle  of  Man,  and  numbering  several  luindreds,  was  covered 
with  a  Halirhondrioid  spouge  of  a  ricli  red  colour. 

THE   SHELL. 

Scallop  shells  are  well  known  at  most  seaside  resoris. 
They  are  sold  as  ornaments,  and  have  been  put  to  various 
uses  by  the  fishermen.  They  were  used,  moreover,  in  very 
early  times,  and  it  has  been  su])posed  that  the  flat  valves 
were  the  jjlates  and  the  hollow  ones  the  drinking-  cups 
of  Fing-al  and  his  heroes.  Until  recently,  in  the  Isle  of 
Man,  primitive  lamps  were  made  from  the  deeper  shells. 

The  majority  of  Lamellibranchs  are  equivalve  ami 
inequilateral,  the  right  and  left  valves  being  mirror 
images.  Pecten,  however,  shows  a  departure  from  this 
rule  as  the  right  and  left  valves  are  symmetrical,  and  in 
some  species,  e.g.,  P.  iiiii.vhiius,  are  very  unlike  each  oilier. 
The  equihitei'al  character  is  in  some  species  disturbed  by 
the  areas  near  the  hinge  line  being  unequal  in  size.  The 
hinge  line  is  practically  straight,  and  a  strong  internal 
cartilaginous  ligament  is  situated  in  a  deep  triangular 
pit,  uiuk'r  th(!  beak  of  each  valve  (IM.  1.,  hg.  E,  />//.).  The 
characteristic  shape  of  the  valves  is  given  by  the  auricular 
area  developed  on  each  side  of  the  beak  of  the  shell 
(PI.  I.,  fig.  (J,  >Sh.a.). 

The  shell  of  P.  maxiinm  is  brittle  and  rather  light 
for  the  size,  which  is  what  one  would  expect  since  a 
heavy  shell  would  be  detrimental  in  swimming.  It  is 
very  imM|uivaht',  the  right  valve  (I'h  I.,  (ig.  (')  l)eing 
very  convex,  whilst  the  N-fl  flM.  [..  lig.  D)  is  ([uiie  Hat 
\vith  a  concave  aica  iicai  tlic  umbo.  In  /•*.  i>pprc\tl(tm 
the  sljell   is  almost  e(juivalve,    holli    valves  being   convex, 
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the  left,  however,  is  slightly  more  convex  than  the  right 
(see  Text-fig.  1).  lioth  species  have  suborbicular  valves, 
and  these  are  marked  by  plications  so  that  the  outer 
surface  has  a  number  of  ribs  arising  near  the  umbo.  The 
ribs  are  not  present  in  old  specimens  of  P.  nuiximvs  on 
the  areas  immediately  adjoining  the  umbos. 


Fig.  1.     Diagrammatic  sections  of  P.  opercularis  and  P.  via:ri)mts  to  show 
shape  of  valves  in  natural  position. 

The  number  of  plications  appears  to  be  constant 
throughout  life,  no  new  ones  arising  by  liifurcation  or 
interposition,  and  there  are  fewer  in  P.  maaumus  than  in 
P.  ojierciilaris.  The  average  numbers  can  be  obtained 
from  the  following  table  given  by  IJavenjaort  (41)  for  the 
shells  of  P.  operculav'n  from  three  localities:  — 
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Davenport  has  also  given  the  relation  of  the  dorso- 
ventral  diameter  to  the  antero-posterior  diameter,  for 
1,(>5T  shells  of  P.  opercularis  from  these  same  localities. 
The  results  show  that  the  smallest  shells  are  from  off  the 
Eddystone  lighthouse,  the  largest  from  the  Firth  of  Forth, 
and  the  intermediate  ones  from  Port  Erin  in  the  Irish  Sea, 
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Also  that  tlie  sliells  of  a  o-ivpii  doiso-ventra]  diameter  are 
longest  at  tlie  Eddystoiie  and  I'oimdest  at  tlie  Firtli  of 
Forth.  Davenport  concludes  from  the  numbers  that  the 
ancestral  Pectens  had  a  relatively  gfreater  dorso-ventral 
diameter,  and  that  modern  ones  are  becoming  longer, 
since  the  measurements  indicate  that  change.  Tlie 
variations  recorded  with  regard  to  most  qualities  and  the 
size  of  sliells  indicate  that  the  l^iddystone  and  Firth  of 
Forth  forms  are  the  extremes  in  a  regular  series,  the  Irish 
Sea  specimens  being  intermediate.  The  difference  in 
latitude  means  a  difference  in  temperature,  and  probably 
also  in  the  density  of  the  water. 

]iy  means  of  tlie  ribs  and  their  secondary  thickenings 
on  the  inner  surfaces  of  the  shell,  the  two  valves  interlock 
and  shut  closely  along  the  ventral  margin.  The  external 
ribs  and  grooves  are  sculptuied  with  well-marked  striae, 
radiating  from  the  umbo.  'he}'  arc  due  to  the  ])resence 
of  minute  denticles  arranged  regulaily  in  rows.  There 
is  also  a  prominent  concentric  marking  as  if  tln^  shell  was 
made  up  of  a  series  of  lamellae.  These  are  much  more 
pronounced  in  places  forming  definite  rings  which,  since 
they  occur  very  regularly  and  in  the  same  ])ositions,  may 
be  considered  as  indicating  the  age  of  the  shell.  A  P. 
ma.timus  whose  dorso-ventral  diameter  was  T'75  cm.  and 
antero-posterior  diameter  (S-(J  cm.  had  an  indicated  age  of 
three  and  a  half  years. 

The  two  valves  arc  joined  along  the  hinge  line  by  a 
narrow  external  liganicni,  preseiit  in  addition  to  the 
thick  internal  ligamejit  loi  the  opening  of  the  shell.  IMic 
former  simply  unites  the  two  valves  and  acts  as  hinge. 
The  internal  ligament  is  triangular  in  section.  ;ind  in 
a])pearance  like  dark  brown  indiarubber.  It  tils  into, 
and  is  attached  to,  the  valves  in  deep  triangular  pits.  In 
sidf     view     tliis     I  in>;i  (nnil      is    ;i|so     I  ria  ntiMi  hi  r,     the     aix'x 
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being'  nearest  the  hiii<»-e  line  and  tlie  base  fuithest  from  it. 
When  the  valves  are  closed  the  ligament  is  compressed 
and  the  free  surface  becomes  very  convex,  so  that  the 
shell  is  only  kept  closed  by  the  adductor  muscle  over- 
coming the  resistance  of  the  ligament.  It  will  be  noticed 
in  both  species  that  when  the  valves  are  closed  there  are 
two  places,  one  on  each  side  extending  from  the  hinge  line 
to  the  greatest  anlero-posterior  diameter,  where  the  shell 
edges  do  not  meet.  It  is  through  these  two  ])rominent 
gaps  that  the  water  is  forcibly  ejected  in  swimming. 
Owing  also  to  this  feature,  sea  water  cannot  be  ]etaiued 
in  the  pallial  cavity  when  the  animals  are  removed  from 
their  natural  habitat,  and  hence  Pecteu  lives  but  a  short 
time  compared  with  the  Mussel  and  the  Oyster,  when 
exposed  to  the  air. 

In  P.  ma.viinus  the  convex  valve  oveilaps  the  Hat  valve 
by  from  one-eighth  inch  to  one-(]uarter  inch  whcji  iliey  arc 
closed.  Jeffreys  describes  the  hinge  plate  in  1\  iiuoinius 
as  toothless,  but  mentions  certain  ridges  present  on  it. 
There  are  several  tooth-like  ridges  both  on  the  anterior 
and  posterior  sides  of  the  ligamental  pit,  and  these  inter- 
lock when  the  valves  close,  fitting  into  grooves  between 
similar  ridges  on  the  other  hinge  plate.  They  are  not 
developed  in  P.  (tpevciihiri.'i.  There  are,  further,  two 
prominences  oJi  the  right  valve  just  at  the  point  where  the 
auricular  areas  meet  the  main  portion  of  the  valvo 
(PI.  I.,  fig.  E,  Sh.'p.).  These  two  tuberosities  rest  in  two 
depressions  on  the  left  valve  when  the  shell  is  closed. 

In  both  P.  maximus  and  P.  ojjercularis  the  auricular 
areas  are  'ilmost  equal  in  size,  and  in  the  former  almost 
similar  in  shape,  with  the  anterior  and  posterior  margins 
inclined  slightly,  nuiking  an  obtuse  angle  with  the  hinge 
line.  In  P.  upercularis  the  posterior  edges  incline, 
making  an  obtuse  angle  as  in  P.  maximus,  but  the  anterior 
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margins  form  acute  angles,  and  that  of  the  right  valve  is 
reflected  so  that  the  anterior  left  auricle  overlaps  it  at  this 
point.  The  valve  is  also  depressed  here  slightly,  so  that  a 
groove  is  formed,  known  as  the  Byssal  Notch,  and  it  is 
deeper  in  young  forms  than  in  tlie  adult.  Since  the  foot 
is  situated  so  near  the  hinge  line,  it  is  probable  that  tlie 
groove  is  due  to  its  presenc(\  because  the  valves  would 
otherwise  have  to  open  much  wider  for  the  piotrusioji  (tf 
foot  and  byssus  than  is  the  case  in  ihe  majority  of 
Pelecvpods  where  the  foot  is  protruded  vent  rally.  I'liis 
wf)uld  also  account  for  the  gi'eater  depth  in  youngci-  forms 
and  absence  in  the  adult  F.  iiu/.r/nnts.  At  the  bnse  of  the 
byssal  notch  are  three  tooth-like  processes,  the  function  of 
which  is  unknown.  The  hinge  line  is  almost  level,  but  in 
the  convex  valve  it  rises  slightly  on  either  side  of  the 
umbo  in  such  a  way  lh:i(  wh(']i  the  shell  is  closed  the  most 
dorsal  point  is  formed  by  the  convex  valve  which  is 
slightly  folded  over  to  join  the  upper  flat  valve. 

The  inner  faces  of  the  valves  arc  mark(Hl  by  imju-es- 
sions  indicating  the  attachments  of  the  various  nniscles. 

The  Pallial  Line  is  a  scar  marking  the  attachment  of 
the  numerous  I'etractor  muscles  of  the  nmntle  edge.  If 
is  a  sinuous  line  extending  without  break  or  indentation 
(owing  to  the  absence  of  siphons  and  IIumi-  i'(>tractoi' 
muscles)  almost  parallel  to  the  shell  margin,  at  a  distance 
of  about  one  and  a  half  inches  from  it,  at  the  ventral 
bor.icr  rn.  T.,  tig.  E). 

The  adductor  impression  is  largei'  on  the  flat  upper 
valve  than  on  tiie  hnvcr  ((jnvcx  onr.  This  iinj)ressi(m  is, 
moreover,  situated  nearer  the  vcnlial  margin  of  the  sln^ll 
on  the  left  valve  than  on  the  right,  owing  to  the  oblicjue 
track  of  the  muscle  lil)ies.  'I'he  single  letiactor  of  the 
foot  is  atlaclied  to  the  left  v:ilve,  but  its  impression  foiins 
p)art  of  the  adductor   impressimi. 


SEA-FISIIERIES    LABOEATOKY.  347 

Microscopic  Structure.  Tho  observations  oi  Jackson 
(3j  on  the  earliest  shell  of  Fedeii  irradians  show  that  the 
"  [)rodissoconch  "  (the  completed  first-formed  shell)  has  a 
homogeneous  and  laminar  structure  with  hue  concentric 
lines  of  growth,  no  indications  of  the  byssal  notch,  and  is 
dimyarian. 

The  byssal  notch  arises  in  the  next  stage,  the 
"  dissoconch,"  which  is  sharplv  separated  off  both  in 
structure  and  shape  from  the  early  shell,  for  a  thin  layer 
of  prismatic  cellular  tissue  was  observed  in  the  right  valve 
extending  over  the  whole  shell.  There  are  no  ears  nor 
plications  of  the  shell  at  tlie  early  dissocouch  stage,  thouglr 
they  appear  very  soon  after,  and  this  is  interesting 
because  the  Devonian  Pterinojjecteii ,  an  ancestral  genus 
transitional  between  the  Aviculidae  and  the  Pectinidae, 
also  shows  but  slight  development  of  ears. 

It  is  very  difficult  to  cut  sections  of  the  adult  shell 
owing  to  its  brittle  nature ;  but  I  have  been  able  to 
examine  a  transverse  section  cut  along  the  antero-posterior 
diameter  of  P.  ojievculitvia  and  a  section  along  one  of  the 
ribs,  that  is,  along  the  dorso-ventral  diameter  of 
P.  maximui  (right  valve). 

The  structure  of  the  shell  is  practically  the  same  in 
both  species,  but  P.  maxhuui  is  much  coarser  than 
P.  oi>erculai-h. 

The  sections  differ  considerably  in  appearance  from 
those  of  Anodon,  Mytilus  and  Cardium,  and  one  cannot 
trace  the  three  typical  layers  periostracum,  prismatic 
la\'er  and  nacreous  layer.  The  first  appears  to  have  been 
worn  away  ia  these  adult  shells,  though  traces  of  it  may 
be  seen  in  the  hollows.  The  calcareous  structures  seen 
probably  represent  both  the  prismatic  and  nacreous  layers, 
but  the  crystals  are  not  laid  down  as  prisms,  neither  can 
two  definite  layers  be  made  out.     The  shell  is  composed 
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luaiuly  ot  aragumte,  the  crystals  of  Avhicli  appear  to  inter- 
lace and  to  1)6  arranged  very  irregularly  (Plate  II, 
%•    2). 

In  transverse  sections  across  the  ribs  (hg.  2),  the 
flattened  crystals  are  laid  down  so  that  the  structure 
appears  to  be  lamellar,  somewhat  like  the  nacreous  layer 
of  other  Lamellibrauclis.  These  lamellae  ruji  jn'actically 
parallel  to  the  surface  of  the  shell,  and  each  rib  is  fornu'd 
bv  a  o"reat  thickening-  of  this  lamellate  laver,  the  lamellae 
being  arranged  to  form  two  crests  as  figured.  The 
structure  of  the  shell  betAveen  two  ribs  is  more  irreffular, 
and  recalls  the  geological  structure  known  as  false 
bedding     the  laminae  lying  in  various  ])lanes. 

While  the  median  portion  of  the  thickness  of  the 
shell  is  as  described  above,  the  external  surface  layer  is 
formed  of  crystals  wliich  are  arranged  in  some  places 
perpendicularly,  or  nearly  so,  to  the  surface  of  the  shell, 
and  in  this  way  a  kind  of  pseudo-prismatic  layer  is  built 
up,  but  it  passes  gradually  into  the  coarser  anil  more 
irregular  layer  below.  The  inner  surface  of  the  shell  is 
also  laminar  in  struetuj-e,  the  laniinae  being  practically 
parallel  to  the  surface.  If  the  shell  sections  be  en  I 
thiongh  the  adductoi'  impression,  a  thin,  delicate  layer 
(PI.  II,  fig.  2,  S/i.  III.)  will  be  found  situated  between  tlu> 
innei'  lamellar  layer  and  the  adductor  muscle.  This  is 
the  1  ini\-look  Mig  layer  >een  in  surface  view  of  the  muscle 
inipressi(His,  which  somciinics  adheres  to  the  muscle  anil 
can  l)e  pulled  away  with  it.  It  is  best  seen  in  sections 
through  a  yfuing  Peclen,  the  shell  of  which  has  been 
decalcified.  Tliis  layer  appears  to  be  made  up  of  iminerous 
fine  rods  ])laceil  side  by  side,  veitical  lo  lli(>  shell  surface. 
In  sections  of  older  siiells,  Ihe  rods  aic  nol  so  distinct, 
but  the  layer  shows  vci\  dc  linilc  sliiae  peipendicnlai'  to 
it«    suifai;o.         It    id     by     nii^aiis    of     thi.s    "  1  )iirchsichtige 
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Substaii/.  ■■  of  List  (6)  that  the  adductor  muscle  is  attached 
to  the  shell,  and  it  is  secreted  by  the  modified  mantle 
epithelium  of  the  muscle  area,  wliich  in  the  adult  is  very 
difficult  to  trace. 

The  formation  of  lamellibranch  shells  is  not  yet 
completely  understood.  The  Intussusception  theory  of 
Mery  assumed  that  the  shell  was  itself  a  growing  body. 
Iveaumur,  after  Eegeneration  experiments,  laid  the 
foundation  of  the  vSecretion  theory,  according  to  which 
the  shell  is  a  secretion  product  of  the  animal.  This  is  the 
theory  now  generally  accepted.  The  periostracum  can  be 
traced  to  the  actual  secreting  cells  in  the  periostracal 
groove  of  the  mantle  edge,  but  difficulties  have  arisen  in 
connection  with  the  other  layers,  and  there  is  no  doubt 
that  the  Intussusception  theory  originated  through  the 
difficulty  of  understanding  the  formation  of  a  complex 
shell  structure  from  a  solution  or  secretion  partly  organic 
and  partly  inorganic.  In  those  Lamellibranchs  where  an 
outer,  prismatic,  layer  is  present,  this  is  secreted  and 
grows  only  at  the  mantle  edge.  The  inner  nacreous 
layer,  or  that  part  of  the  lamellar  layer  of  the  Pecten  shell 
corresponding  to  it,  is  unlimited  in  growth,  and  is  formed 
by  the  outer  surface  cells  of  the  mantle. 

The  colour  of  the  shell  varies  considerably.  In 
Pecten  maximus  the  upper  valve  is  very  generally  reddish 
brown,  the  lower  having  a  somewhat  lighter  yellow  tint ; 
both  valves  may  be  mottled  with  bands  or  streaks  of  burnt 
umber  or  yellow.  P.  opercularis  varies  still  more,  and 
may  be  almost  any  shade  of  red,  pink,  orange,  yellow, 
purple  or  brcwn,  with  streaks  and  blotches.  Both  species 
are  sometimes  quite  white,  with  a  slight  orange  tint  at 
the  umbos.  The  inner  surfaces  of  the  valves  are  smooth 
and  porcelain-like  in  appearance,  with  very  frequently  in 
P.  maxiimis  a  broad  band  of  a  dark  chocolate  or  burnt 
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sienna  colour  between  ilie  pallial  line  and  the  maifi-in  of 
the  shell  (PI.  I.,  fig".  F).  This,  however,  is  absent  in  some 
specimens,  and  does  not  oceui-  in  P.  o/icnu/aris. 


GENEllAL  ORGANISATION  AND  MANTLE. 

It  is  difficnlt  to  kill  and  preserve  the  specimens  with- 
out a  considerable  amount  of  contraction  and  distortion 
taking  place.  Crystals  of  menthol  dropped  into  tlie  sea 
water  in  a  small  dish  c-ontaining'  a  specimen  of  P. 
opercidaris  produce  the  best  results  with  the  least 
retraction  of  the  tentacles  and  mantle.  For  P.  maximus, 
the  mixture  of  Lo  Bianco,  spirit  g-lycerine  and  sea  water, 
floated  gradually  over  the  water  in  the  vessel  containing 
the  specimens,  gives  very  good  results.  When  narcotised 
sufficiently  in  this  wa}',  the  animal  sliouhl  be  placed  in 
5  per  cent,  formalin,  and  may  remain  in  this  until 
required,  the  muscle,  however,  becoming  soiucwliat  liard. 

The  animal  should  be  removed  entirely  from  tlic  shell 
by  separating  the  maiitle  lobes  carefully  with  the  handle 
of  a  scal})el  and  cutting  tlic  attached  [xtrtions  of  llic 
adductor  miisclc,  and  can  (Ikmi  bt-  ^liiincd  down  and 
examined  under  water. 

For  serial  sections,  the  smallest  specimens  obtaiiiabh^ 
should  be  dropped  into  Perenyi's  fluid  or  Pikrosulphuric, 
and  fixed  accoi'ding  to  the  usual  directions.  Thes(>  fluids 
dissolve  also  tlie  calcareous  ])art  of  tlu'  valves  so  that  the 
specimens    are    ready    for    I'lnbedding    after    dcliydration. 

When  icniovcd  troiu  the  shell  it  w  111  be  seen  that  tlie 
viscera  and  body  proper  are  hidden  hrtwccii  two  folds  of 
the  body  wall,  the  mantle  or  pallial  lobes,  which  are 
almost  of  the  same  sha])e  and  si/c  as  Ihr  \iilvcs  of  I  he  shell 
to  which  Ihey  weic  allached  l)y  muscles  (IM.  II.,  fig.  1, 
Mn.}.       These  lobes  enclose  the  pallial  cavity,  in  which 
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lie  the  ^ills  (fig-.  1,  Br.  d.,  Br.  a.)  aud  the  lower  part  of 
the  visceral  mass. 

The  Mantle  consists  of  two  thin  lobes,  folds  of  the 
te^vimontary  layer  of  the  body,  with  epithelium  covering: 
both  external  and  internal  surfaces  (fig.  4,  E.  Mn.),  and 
but  little  connective  tissue  and  muscle  fibres  excej^t  at 
the  free  margin  which  is  much  thickened  and  muscular. 
The  mantle  epithelium  is  the  outermost  layer  of  the  body, 
the  shell  being  a  secretion  on  its  surface.  The  outer 
layer  which  lines  the  shell  extends  from  the  hinge  line 
(where  it  becomes  continuous  with  the  same  layer  on  the 
other  side)  to  the  ventral  edge  of  the  mantle,  as  a  con- 
tinuous s'heet.  It  is  to  be  found,  though  modified, 
between  the  adductor  muscle  and  the  shell,  lying  between 
the  muscle  fibres  proper  and  the  peculiar  calcified  layer 
(fig.  2,  Sh.  7H.)  which  is  found  on  the  internal  surface  of 
the  shell  at  the  muscle  impressions. 

The  inner  layer  is  reflected  inwards  at  several  points 
to  be  continued  over  the  visceral  mass.  For  example,  it 
passes  over  the  adductor  muscle  and  on  to  the  gonad ; 
dorso-posteriorly  it  runs  across  from  one  mantle  fold  to 
the  other  just  above  the  pericardium  (fig.  1,  Per.),  partly 
forming  its  roof  and  supporting  the  posterior  pallial 
artery  (fig.  14,  ^1.  p.  p.)  which  can  be  easily  seen  running 
up  towards  the  hinge  line.  The  two  layers  of  the  mantle 
do  not  pass  over  the  sides  of  the  digestive  gland  (fig.  1, 
iJg.).  The  inner  one  becomes  closely  apposed  to  it, 
anteriorly  and  posteriorly,  forming  the  body  wall  here, 
whilst  the  outer  epithelial  layer  alone  clothes  the  sides  of 
the  gland. 

Dorsally  the  right  and  left  mantle  folds  are  con- 
tinuous along  the  full  length  of  the  hinge  line,  as  has 
already  been  pointed  out,  but  the  level  of  this  is  broken 
about  the  middle  of  its  length  where  there  is  a  rectangular 
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depression  of  the  mantle  (fig.  1,  Lg.  P.).  Into  tliis 
depression  the  ligament  dips,  lying  transversely  across  it. 
There  are  no  fusions  of  the  mantle  edge  to  form  separate 
inhalent  and  exhalent  apertures,  and  consequently  there 
are  no  siphons.  The  inhalent  and  exhalent  currents  are, 
however,  confined  to  special  regions,  so  that  physiologi- 
cally the  fusions  are  not  needed  for  ilie  separation  of  the 
currents.  By  scattering  some  carmine  into  water  in 
which  a  Pecten  is  liviug,  the  particles  of  colour  can  be 
seen  entering  all  round  the  shell  between  the  two  folds  of 
the  mantle,  except  for  an  area  extending  from  the 
posterior  end  of  the  hinge  line  for  a  sh')rt  distance 
forward.  Here  there  is  a  very  definite  exhalent  current 
sometimes  accelerated  b}'  the  animal  closing  the  shell 
suddenly  and  forcing  the  water  out  at  this  point  only,  lo 
eject  the  faeces. 

The  free  margin  of  the  mantle  lobes  is  much 
thickened  and  presents  three  typical  folds  (fig.  4).  The 
outer  one,  the  shell  fold  (fig.  4.  l^h.  F.),  is  small  and  bears 
long  tentacles.  The  median  one,  the  Ophthalmic  fold 
(fig.  4,  Op.  F.).  is  not  so  distinct  and  also  bears  tentacles 
and  the  eyes  which  form  conspicuous  objects  when  the 
animal  is  alivt'.  I'lie  most  internal  fold  is  much  the 
largest  and  is  turned  inwaiils  to  form  a  tia|),  known  as  the 
"velum"  (figs.  I  and  1,  r.K  it  is  usually  pigmented 
either  continuously  oi'  ;il  icgnlar  inlorvals.  jjist  (6)  has 
shown  that  the  storage  of  pigintMit  in  the  iii;intle  cells  is 
directly  infiiienced  by  light,  and  that  cemoval  of  a  |)iece 
of  the  shell  caiises  a  deepeiiing  in  colour  of  the  tissue 
exposed,  due  to  forni:ili((n  of  pigment.  'Idiis  cuita in-like 
velum  becomes  reduced  in  si/e  as  it  approa(  lies  the  base  of 
the  angle  forming  the  ears,  and  it  is  this  inner  [)ortion  of 
the  mantle  on  both  sides  that  fuses  as  menlir)ned  al)()ve. 
The  oulci  f(dds  remain  fre<\  with  their  eves  and  tentacles, 
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until  tke  dorsal  margin  is  rear-lierl.  Tlie  tentacles  (tig.  1, 
Tn.)  are  long,  very  extensible  and  active  on  the  outer  fold, 
while  those  arising  from  the  velum  (fig.  1,  Tn.  v.)  are  short 
and  move  but  little.  When  fixed  they  appear  papillose, 
bur  this  is  due  probably  to  the  great  difficulty  in  fixing 
them  without  contraction  and  folding  of  the  surface  tissue. 

The  outer  tentacles  are  roughly  separable  into  two 
groups,  a  series  of  short  tentacles,  mainly  one  row  deep, 
lying  next  to  the  shell,  and  longer  ones  capable  of  much 
extension  and  contraction  inserted  in  one  or  two  irregular 
rows.  The  former  are  unpigmented  in  both  valves,  and 
lie,  when  the  shell  is  opened,  curved  back  over  the  shell. 
The  others  of  the  upper  or  left  valve  have  a  streak  of 
pigment  on  their  upper  sides,  and  a  similar,  but  less 
intense,  streak  is  present  to  the  same  side  of  these 
tentacles  on  the  lower  valve. 

Further  details  in  regard  to  the  eyes  will  be  given  in 
the  chapter  on  those  organs. 

When  the  valves  of  the  shell  are  separated  the  two 
vela  hang  at  right  angles  to  the  plane  of  the  valves,  just 
touching,  like  two  curtains.  The  small  tentacles  lie 
across  one  another,  and  form  a  rude  grating.  The  velum, 
as  we  have  seen  above,  is  of  great  importance  in  connec- 
tion with  locomotion.  It  has  been  pointed  out  in 
considering  the  muscle  impressions  on  the  shell  that  the 
fibres  of  the  adductor  cross  the  body  obliquely  (figs.  46,  47, 
A.  s.),  the  result  is  that  the  right  mantle  lobe  has  a  free 
portion  of  much  greater  area  than  the  left. 

Histological  Structure  of  the  Mantle. — Over  the 
whole  surface  of  the  mantle  there  is  a  single  layer  of 
cubical  or  columnar  epithelial  cells,  forming  the 
epidermis.  These  cells  become  much  more  distinctly 
columnar  towards  the  free  edge  of  the  mantle,  and  are  in 
many   places   crowded   with  pigment   granules  of  a  dark 
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brown    folour,     partionlaily    on     tlie    A-eluiii  A     very 

delicate  cuticle  is  also  present.  Tn  the  youno-  Pecten 
the  epidermal  cells  near  the  niaririn  of  the  mantle 
and  on  its  outer  surface  are  veiy  lonp-  rompaied  witli  those 
of  the  epidermis  elsewhere,  and  are  evidently  active 
secreting:  cells  of  the  shell  substance.  Tn  adult  specimens 
this  great  difference  is  not  seen.  The  colunnuu"  cells  on 
the  free  margin  of  the  mantle  lobes,  especially  on  the  eye 
stalks  (fig.  -jS),  have  a  very  peculiar  appearance,  due  either 
to  delicate  connecting  bridges  like  the  "'  prickle  cells  " 
or  to  tlie  walls  having  processes  which  interlock;  most 
probably  the  former.  Lying  amongst  these  epithelial 
cells  are  numerous  sense  cells  c' pinselzellen  "'),  to  be 
described  later  in  the  chapter  on  the  sense  organs. 

Underlying  the  epidermis,  there  is  at  the  margin  of 
the  mantle  lobes  (fig.  4j  a  substantial  connective  tissue, 
consisting  of  delicate  fibres  with  few  scattered  nuclei. 
There  are  numerous  blood  spaces  in  this  layer,  and  the 
circumpallial  artery  (fig.  4,  A.c.)  and  the  circumiJallial 
nerve  (tig.  4,  N.c.)  pass  through  it,  in  close  pruximily, 
the  blood  vessel  being  situated  on  the  shell  side  of  tlu' 
nerv^e.  Passing  inwards,  away  from  the  margins,  the 
mantle  lobes  become  extremely  thin,  the  structure  being 
more  and  more  trabeculated  until,  after  passing  the  line 
of  attachment  of  the  pallial  muscles,  there  is  practically 
nothing  between  the  epidermal  layer  of  cells  but  bridges 
of  fibrous  tissue,  large  spaces  being  left  in  which  ai<>  to 
i)e  seen  numerous  blood  corpuscles  with  huge  nuclei. 

Ramifying  in  the  connective  tissue  before  n}enti(iiiefl, 
at  the  margiii  of  the  manlh'  h)bes,  are  the  ])allial  muscles 
nigs.  1.  -l,   1,  /'.  M .  /.,  C.  M.c,  V.  M.). 

The  pallial  musculature  of  Pecten  is  both  imporiant 
and  complex,  ajnl  llie  edges  of  tlie  mantli'  aic  veiy  well 
snpplieil.  (iwing  In  tlie  cnt'rt.!'e(  ic  jjai  1   |)lay('(l  by  the  velum 
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in  the  act  of  swimming  and  the  necessity  of  withdrawal 
and  protrusion  of  the  edge  with  its  numerous  sensory 
structures.  It  has  both  radial  (fig*.  3,  P.  M.  r.)  and  what 
ma^'  be  termed  concentric  muscles ;  the  latter  extend 
round  the  margin  of  the  mantle  parallel  to  its  free  edge, 
and  are  well  developed  in  the  velum  (fig.  4,  V.  M.  c), 
which  has  a  very  compact  muscular  structure. 

The  radial  muscles  are  the  most  obvious  when 
examining  the  mantle,  for  it  is  these  which  attach  the 
mantle  edg^es  to  the  shell  and  retract  them  when  the 
valves  close. 

The  line  of  attachment  on  the  shell  has  been 
previously  seen  to  be  a  continuous  line  extending  almost 
parallel  to  the  shell  margin  and  at  some  distance  from  it, 
furthest  at  the  ventral  edge  and  approaching  it  anteriorly 
and  posteriorly.  These  pallial  muscles  proper  arise, 
where  attached  to  the  shell,  as  slightly  separated  bundles 
of  fibres,  as  if,  in  fact,  a  bundle  had  the  end  frayed  out 
slightly.  These  separated  fibres  almost  immediately 
come  together  again  to  form  a  conspicuous  large  fibre 
which  radiates  out  to  the  margin  and  breaks  up  into  very 
numerous  finer  bundles,  which  interlace  and  become 
crowded  together  as  they  reach  their  termination  at  the 
base  of  the  velum. 

Between  the  outer  pallial  fold  bearing  the  tentacles 
and  the  median  one  bearing  tentacles  and  the  ej'es,  there 
is  a  deep  groove,  known  as  the  Periostracal  groove 
(figs.  4,  G,  P.  gr.),  and  in  sections  the  periostracum  can  be 
seen  arising  from  the  base  of  the  groove  through  the 
coalescence  of  several  short  fibres  from  the  secreting  cells. 
From  here  it  is  continued  out,  and  passes  over  the  edge 
of  the  shell  to  its  outer  surface. 

At  the  bottom  of  the  groove  lying  along  each  side 
there  is  a  ridge  formed  by  mucli  elongated  epidermal  cells, 
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together  with  a  fold  of  this  k^yer  with  a  slight  support  of 
the  underh-ing  connective  tissue  (fig.  6,  P.  (jr.).  The 
periostracum  (fig.  6,  P.)  emerges  from  between  the  two 
ridges,  the  cells  of  wliick  diflcr  from  those  of  the 
surrounding  area.  'J'liey  aic  aland nlar,  and  \\w\v  deeply 
staining  contents. 

The  cells  lining  the  side  of  the  groove  nearest  io  the 
eye  bear  long  cilia,  and  resemble  very  closely  the  sense 
cells  which  will  be  described  later.  Very  short  cilia  are 
present  on  the  epidermal  cells  of  the  outer  margin  of  ilie 
shell  fold.  The  cilia  are  much  better  developed  on  the 
tip  of  the  ophthalmic  fold,  which  bounds  the  periostracal 
groove  on  the  inner  side.  The  epithelium  of  the  inner 
surface  of  the  mantle  lobes  is  also  ciliated. 

Insinuated  between  the  oi'dinary  epidermal  cells  fin 
the  outer  surface  of  the  mantl(\  near  the  margin  are  to  be 
seen  peculiar  cells  (fig.  o,  Eos.)  which  contain  numerous 
large  rounded  granules  that  stain  bright  red  with  eosin 
or  a  com])oiiiid  stain  containing  eosin,  such  as  Mann's 
methyl  blue-eosin.  In  some  places  these  cells  seem  to 
be  forcing  their  way  to  the  surface,  and  in  one  or  two 
cases  the  actual  dehiscence  of  the  cell  and  its  contents  is 
observed.  They  are  similar  lo  the  cells  described  as 
eosino|)hilous  cells  by  ilci'dman  and  Jioyce  in  the  Oyster 
(42),  and  in  all  piobability  are  wandei'ing  cells  exercising 
an  excretory  function.  'J'he  te]i1;ules  of  the  shell  and 
ophthalmic  folds  have  a  similar  layer  of  columnar 
epithelial  cells  to  those  found  on  the  margin  of  the 
mantle,  but  sense  cells  are  particidaily  nnnn-ious  at  tlieii' 
tips.  The  connective  tissue  of  tlie  tentacles  (coiilaining 
muscle  fibres  running  longitudinally  fiom  lh(>  has(>  to  the 
tip)  is  divideil  into  segments  by  ti'ansverse  muscle  fibi'es, 
which  radiate  out  from  the  con>  of  the  ten  lades  to  ihe 
periphery.      \     btancji      from     Ihe     ciiciimpal  I  iai      iiej've 
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innervates  each  tentacle,  passing  np  the  centre  and  oriving 
ofE  branches  to  the  sense  cells. 

If  the  mantle  lobe  of  one  side,  preferably  the  right 
(where  the  adductor  muscle  is  attached  much  nearer  to 
the  hinge  line),  be  removed,  the  general  topography  of 
the  viscera  can  be  easily  made  out.  The  various  organs 
thus  exposed  are  shown  in  PI.  II,  fig.  1.  The  single 
adductor  muscle  occupies  a  fairly  central  position 
(iig.  1,  A.^i.,  A.  s.),  and  serves  as  the  support  for  the 
greater  part  of  the  animal  which  surrounds  it.  Against 
the  hinge  line  is  the  deeply  pigmented,  green-black 
looking  gland,  the  so-called  liver,  which  will  be  referred 
to  as  the  digestive  gland  (fig.  1,  Dg.).  The  gills  (Br.  a., 
Br.  d.)  are  very  conspicuous  structures,  lying  between  the 
visceral  mass  and  the  mantle  and  attached  to  the  latter 
on  the  right  side,  so  that  if  the  mantle  were  cut  away 
close  to  the  adductor  the  gills  on  this  side  would  also  be 
removed.  The}*  consist  of  a  long  series  of  orange  coloured 
filaments  suspended  from  a  basal  lamina. 

The  body  proper  ni;i\-  hv  divided  into: — (l)  Yiscero- 
pedal  mass,  (2)  the  pericardium  and  rectum,  and  (3)  the 
renal  organs. 

The  viscero-pedal  mass  consists  of  (a)  the  Digestive 
Grland  which  is  situated  at  the  posterior  and  dorsal 
extremity  and  encloses  the  stomach,  and  (h)  a  long, 
flattened,  tongue-shaped  reproductive  portion,  of  a  brown 
colour  over  the  whole  area,  or  if  the  gonads  are  ripe — 
white  for  part  of  its  length  (the  testisj,  and  pink  or 
brilliant  scarlet  for  the  rest  (the  ovary).  There  is  no 
distinct  division  between  the  digestive  gland  and  this 
latter  portion  of  the  viscera,  but  just  where  they  are 
contiguous  the  rudimentary  foot  (fig.  1,  F.)  is  situated. 
It  is  roughly  cylindrical  in  shape;  the  distal  portion,  how- 
ever is  sucker-like,  with  a  deep  cavity.     The  foot,  it  will 
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be  seen,  appears  as  an  appendagfe  quite  (listiiict  from  the 
rest  of  the  visceral  mass,  and  contains  no  extensions  of  the 
reproductive  organs. 

The  pericardium  ftig.  1,  Per.)  is  situated  posterior  to 
the  digestive  g4and.  The  rectum  (fig.  Al.  c.  5)  passes 
through  the  ventricle  of  ihc  lunirt,  which  is  enclosed  by 
the  ])pricardiuin,  and  is  continued  over  the  adductor 
muscle,  to  which  it  is  attached,  bending  to  one  side  of  the 
jiicdi;iii  line  and  eventually  terminating  in  a  lipped  anus. 

The  aperture  of  the  mouth  is  placed  not  far  above  the 
foot  on  the  anterior  surface  of  the  digestive  gland  between 
the  two  very  conspicuous  dendritic  lips,  pigmented  Avith 
an  orange  colour  (fig.  1,  L.  p.). 

At  each  side  wlici-c  the  gills  terminate  dorsally  are 
two  flaps,  also  pigmented  \\\\\\  a  ycdlowish  broAvn  colour. 
These  are  the  Labial  Palj)S  (tig.  .1,  L.  p.  c.)  ;  they  become 
continuous  dorsally  with  the  lips. 

The  iciial  organs  (fig.  1,  R.  o.)  are  situated  on  each 
side  of  the  reproductive  portion  of  the  viscera  between  it 
and  the  gills,  and  the  external  opening  at  their  ventral 
end  serves  both  as  renal  and  irproductive  aperture  (fig.  1, 
l\o.  rj).). 

The  positions  of  these  various  organs  in  relation  to 
the  shell  are  not  the  .same  as  those  u\  the  Dimyaria.  Thus 
ilic  jxTKiO'di  iiin  IS  posterior,  tli<'  digestive  gland  ("  liver  ") 
is  dojsal  and  ilic  fool  and  \  isccral  mass  are  situated 
anteriorly,  the  lunge  line  hrinu-  considered  as  dorsal. 

Owing  to  this,  some  anllnns  have  regarded  the  hinge 
line  as  dorso-anterior,  and  the  antero-posterior  diameter 
as  represented  by  a  line  drawn  from  the  front  corner  of  the 
hinge  line  to  tin;  point  where  the  rectum  ends.  The 
position  ot  I  111-  oigwns  is  regai'ded  as  due  to  an  increase  in 
size  of  the  posterior  adductor  after  the  disappearance  of 
the  anterior   adductor,   together   with    a    ntovcinent   of  tli(; 
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muscle  to  a  more  central  position.  A  shortening  of  the 
length  of  the  body  with  a  closer  attachment  of  the  viscera 
to  the  muscle  (which  ])lays  a  prominent  part  as  a  support, 
and  rotates  slifjhtly),  would  brino-  about  the  conditions 
observed.  Throughout  this  Memoir,  however,  the  hinge- 
line  has  been  taken  as  marking  the  dorsal  edge  of  the 
body. 

THE  MUSCULATURE. 

Pecten  belongs  to  tlie  Monomyaria,  since  it  possesses 
only  a  single  adductor  muscle.  The  possession  of  one 
adductor  muscle  by  certain  lamellibranchs  does  not 
indicate  genetic  relationship,  and  species  which  are  Iso- 
myarian,  Anisomyarian  and  Monomyarian  may  all  be 
found  in  a  smg'le  familv.  In  addition  to  the  adductor 
there  are  present,  the  orlucular  retractor  muscle  of  the 
mantle  (pallial  muscles),  a  single  retractor  muscle  of  the 
foot  on  the  left  side,  the  intrinsic  muscles  of  the  foot  and 
visceral  mass,  and  the  lieart  or  cardiac  muscles. 

The  Adductor  Muscle  of  the  Shell  (fig.  1,  A.  s.  and 
^4.  u.  and  tig.  -il )  is  the  posterior  one  uf  those  forms  with 
two  adductors  present.  In  the  early  stages,  after  the 
free  swimming  larva,  we  have  first  a  protomonomyarian 
stage  when  the  anterior  adductor  is  formed  and  is  alone 
present.  The  next  is  a  dimyarian  stage  when  the 
posterior  adductor  is  present  in  addition  to  the  anterior. 
These  two  stages  are  quickly  passed  through,  the  anterior 
adductor  disappears  and  the  posterior  increases  in  size 
and  takes  up  a  more  central  position.  This  may  be  called 
the  deutomonomyarian  stage.  The  muscle  stretches 
obliquely  across  the  body  from  one  valve  to  the  other. 
The  attachment  to  the  shell  is  more  dorsal  oq  tlie  right 
valve,  and,  owing  to  the  fact  that  the  fibres  cross 
obliquelv,  the  various  organs  of  the  body  that   surround 
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the  muscle  are  also  asymmetrienl,  and  tlie  rig-lit  mantle 
lobe  is  of  much  larg^er  extent  below  the  adductor  than  the 
left. 

There  is  an  obvious  separation  of  the  single  adductor 
into  two  parts  (fig.  1,  A.  ii.,  A.  s.)  cne  of  which  is  of 
different  structure  from  the  other.  In  the  fresh  or  living 
animal  these  two  regions  are  easily  distinguished  by  their 
different  appearance,  but  they  are  quite  distinct  even  in 
preserved  specimens. 

The  greater  part  of  the  muscle  (Add.  .<<.)  has  a  colour- 
less, semi-translucent  ap])eaian(e,  and  this  part  is 
cylindrical  in  section  near  the  right  valve,  but  elongates 
and  increases  in  area  as  it  approaches  the  left  valve,  where 
the  muscle  impression  is  slightly  larger.  Lying  against 
the  posterior  surface  of  tliis  niaiii  portion,  but  clothed  by 
the  same  connective  tissue  sheath  that  passes  round  the 
two  parts  and  binds  them  together,  is  a  narrow  bundle 
(Add.  ?/.),  crescent  shape  in  section  and  made  up  of  white, 
more  opafjue  looking  fibres.  Coiitance  (13)  and  Thoring 
showed  that  the  larger  part  seives  only  for  the  rapid 
spasmodic  closing  of  the  shell,  while  the  small  portion 
serves  for  slower  but  more  forcible  and  sustained  activity. 
If  one  valve  is  taken  away,  whicli  means  thai  liio  attach- 
ments of  the  adductor  are  cut  through,  the  small  white 
portion  falls  iiiio  a  state  of  ])ermanent  cdiitraction 
("tonus")  anil  thus  in  fixed  ])rcparations  this  j)or(ion  of 
the  muscle  is  generally  much  more  strongly  contracted, 
and,  therefore,  shorter  than  the  larger  part  of  the  muscle. 

The  other  part  contraots  and  relaxes  ra])idly  if  stimu- 
lated. It  is  obvious  that  this  development  is  correlated 
with  the  functidu  of  swimming,  and  that  the  cla])ping  of 
the  valves  of  the  shell  is  due  in  the  large  translucent 
poitioii  of  tiic  adductor,  wlicrcus  the  iihuc  pciiiiaTierit 
closing  of  lh(!  sliell   is  due  to  iIm'  iiincli   stiKiIh-r  [);itt.        /^ 
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niaxiinus  can  resist  a  coDsiderable  pull  for  a  short  time, 
4.000  grams  are  not  sufKcieut  to  pull  the  valves  apart 
unless  acting  for  some  time,  when,  as  is  the  case  with 
other  lamellibranchs,  a  much  less  weight  suffices  to  open 
them,  in  fact,  as  has  been  shown,  starfishes  are  able  to 
open  oysters  by  a  sustained  pull.  Corresponding  to  these 
differences  in  appearance  and  function  there  are 
differences  in  the  histology  of  the  two  regions.  The  fibres 
of  the  large,  rapidly  contracting  part,  when  seen  in 
sections,  show  a  very  obvious  striation,  the  smaller  portion 
of  the  muscle  consists  of  smooth  fibres.  This  relation 
between  the  cross  striation  of  muscle  fibres  and  rapidity  of 
movement  is  of  general  occurrence  (13  &  15).  The 
striated  fibres  are  very  much  fiattened  so  that  they  can  be 
seen  either  in  surface  or  in  edge  view  (fig.  30,  h.  and  a.). 

If  small  portions  are  fixed  in  osniic  or  Flemming  and 
stained  with  iron  haematoxylin  it  is  quite  obvious  that  the 
striping  consists  of  distinct  transverse  bauds  :  there  is  no 
possibility  of  its  being  only  an  appearance  due  to  fibrillae 
being  thrown  into  spirals  when  in  a  contracted  state. 

The  dark  bands  are  three  or  four  times  as  long  as  the 
light,  almost  unstained,  portions.  Moreover,  the  fibres 
have  a  series  of  constrictions  which  correspond  in  position 
with  the  light  stripe  ;  this  can  be  seen  extremely  well  if 
a  fibre  is  observed  in  edge  view,  so  that  the  dark  portions 
correspond  to  the  swellings  and  the  light  stripes  to 
constrictions. 

The  difference  in  intensity  of  the  stain  taken  up  by 
the  two  parts,  however,  is  so  great  that  it  would  be 
difficult  to  affirm  that  the  dark  stripes  are  due  to  a  greater 
thickness  of  stained  protoplasm,  though  it  is  possible  that 
this  may  be  the  case  (see  14). 

The  nuclei  of  the  fibres  are  not  frequent  in  occurrence, 
and  are  pushed  rather  to  ttne  side  of  the  fibre  and  elon.^ated. 
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The  muscle  is  well  siqiplitd  with  blood  broiig-lit  by 
the  adductor  artery,  and  the  whole  substance  of  the  muscle 
is  permeated  with  lacunar  spaces  in  which  blood  cor- 
puscles can  be  seen.  The  adductor  contains  also  a  very 
hu'g'e  quantity  of  (glycogen,  which  can  be  easily  extracted 
with  water  and  the  characteristic  tests  applied  to  the 
solution.  The  means  of  attachment  of  the  adductor 
muscles  to  tlie  valves  can  be  best  observed  in  complete 
sections  throu<>-h  a  very  small  Pecten,  the  shell  of  which 
lias  been  decalcified.  The  union  of  the  muscle  fibres  with 
the  shell  is  carried  out  by  a  s})ecial  attachment  epithelium, 
the  cells  of  wliicli  fus(^  with  the  muscle  hl)res  so  thai  their 
orip'inal  epithelial  nature  is  difhcult  to  trace ;  and  this 
tissue  element  appears  to  secrete  the  specialised  layer  of 
shell  at  the  adductor  impressions  (fig.  2.  Sh.  m.). 

The  Radial  Pallial  Muscles  (figs.  1,  '■]  and  4,  PalL 
M.  /•. )  are  conHiied  to  the  edges  of  the  numtle  lobes,  and 
tlieii'  attachments  and  course  as  seen  in  surface  view, 
have  been  desci'il)e(l  above.  At  the  point  wliere  they  are 
attached  to  the  shell,  the  epithelial  cells  can  be  seen 
extending  between  them  and  the  shell,  but  slightly 
modified.  From  this  point,  where  the  fibres  are  inserted 
v(!i'y  obliquely,  they  pass  outwards,  towards  the  margin 
of  the  mantle  hibcs,  drawing  gradually  nearer  to  the  Inner 
surface  of  the  nianth',  until  most  of  them  terminate  al  the 
base  of  the  velum.  In  certain  sections  taken  through  the 
mantle  ol'  /'.  o^/crni/'ir/s,  some  of  these  fibres  appear  to  be 
.striated,  the  stripes  being  a|)|)arently  transverse.  The 
striping,  however,  is  not  nearly  so  obvious  nor  so  icgular 
as  that  of  the  ;i(l(lnetoi'  muscle,  an  1,  nH)r(M)ver,  it  cannot 
be  seen  in  all  sections,  even  those  cut  very  neai'  to  each 
otliei-  and  ticited  with  the  same  fixative  and  >tains.  The 
(juestion  arises,  thejctoie.  \\hellier  this  cross  striation 
seen  in  ^ome  ol  tjie  ?-,cli:il  |i:illnil  muscles  is  not  due  to  the 
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fibrils  being  tlnown  into  folds  by  contraction,  producing 
iui  apparent  striatioii  only.  Transverse  stria tion  has  also 
been  observed  in  Pecten  opevcvldria,  on  the  ctenidial 
muscles  (fig.  45,  lir.  m.),  the  appearance  here  being 
exactly  as  in  the  mantle.  Both  cases  are  probably  due  to 
contraction. 

The  Circular  Muscles  run  parallel  to  the  margin  of 
the  mantle  and  are  very  well  developed  in  the  Yelum 
(fig.  4.  T'.  M.  c),  which  is  made  up  almost  wholly  of  these 
muscle  fibres.  When  Pecten  closes  its  valves  rapidly, 
whilst  swimming,  the  water  between  the  valves  must 
endeavour  to  escape  at  the  ventral  margin  by  forcing  the 
two  vela  apart.  One  can  see,  then,  tlie  use  of  this  develop- 
ment of  circular  muscles,  because  if  the  vela  are  kept  in 
a  rigid  condition  bv  their  action,  the  water  will  be  com- 
pelled  to  pass  out  at  eacli  side  dorsally.  near  tlie  hinge 
line,  as  previously  described.  These  circular  muscles  are 
inserted  into  the  shell  in  conspicuous  bundles  anteriorly 
and  posteriorly  (fig.  -5,  1.  J/,  a.)  at  the  same  level  as  the 
fusion  of  the  mantle  lobes. 

The  Retractor  Muscle  of  the  foot  is  the  posterior 
retractor  of  the  left  side,  and  is  the  sole  representative  of 
the  four  retractor  muscles  which  attach  the  foot  and  coji- 
tained  viscera  to  the  shell  in  the  majority  of  lamelli- 
branchs.  In  monomyarian  forms,  the  two  anterior 
retractors  are  usually  absent,  but  Pecten  has  gone  further, 
and,  moreover,  the  single  retractor  which  is  obvious  in 
P.  opercularis  has  l)ecome  even  more  vestigial  in  P. 
maximus. 

In  both  species  the  attacliment  to  the  shell  is  in  the 
same  position,  along  the  dorsal  margin  of  the  adductor 
muscle,  near  the  junction  of  its  two  parts,  and  the 
retractor  impression  on  the  shell  cannot  be  distinguished 
from  that  of  the  adductor. 
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The  fibres  are  inserted  at  a  considerable  angle,  and 
from  the  shell,  they  pass  first  as  a  flat  band  and  then, 
becoming  circular  in  section,  across  the  dorsal  surface  of 
the  adductor,  directly  Iowa  ids  the  base  of  the  foot.  This 
brings  the  Retractor  under  the  pericardium  and  the 
digestive  gland  until  it  reaches  the  visceral  mass,  through 
which  it  plunges,  just  at  the  junction  of  the  digestive 
gland  and  reproductive  organ,  lying  enclosed  in  a  fairly 
definite  blood  s])ac(!.  Transverse  sections  through  the 
muscle  close  to  the  base  of  the  foot  show  (fig.  47,  B.  f/.) 
that  the  muscle  has  taken  a  tube-like  forin,  enclosing  the 
byssus  glaiul.  The  muscle  fibres  pass  around  the  gland, 
which  has  the  form  of  compressed  pouches  separated  by 
lamellae  of  connective  tissue,  and  ultimately  they  become 
lost  in  the  tissue  of  the  foot. 

The  Intrinsic  Muscles  of  the  foot  make  up  the  bulk 
of  the  tissue  in  this  part  of  the  body  (fig.  8).  They  run 
chiefly  in  two  directions.  There  is  a  definite  layer  of 
circular  muscle  fibres  underlyiug  tlic  surface  and 
extending  all  round  the  foot,  more  internal  still  is  a 
sei'ies  of  longitudinal  muscles  runnijig  along  the  axis  of 
the  fool.  in  addition  there  are  many  fibres  diverging 
ja<liall\-  from  the  cenlre.  and  also  scattered  Hbi'es  passing 
m  vaiious  diiections. 

Other  intrinsic  muscles  ai'e  to  be  foujid  in  the  visceral 
mass  in  the  repi'oductivi'  region.  There  is  a  layer  of 
transverse  muscles  passing  round  in  the  connective 
tissue  sheath  wliicli  encloses  the  visceral  mass,  and  con- 
nected with  this  sheath  are  scattered  muscle  bundles 
running  across  from  one  side  to  the  other  and  serving  to 
strengthen  and  form  a  supixnt  for  the  alveoli  of  the 
gonad. 

The  Ctenidial  Muscles  (fig.  4'),  Br.  m.,  Br.  m.', 
Br.  III.")  ore  anaiigi'd  as  follows: — 'I'hei'c  is  fii'sl   a  layer 
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of  muscle  fibres  (fig.  45,  Br.  mJ)  underlying  the  epithe- 
lium but  separated  from  it  by  connective  tissue;  these 
run,  like  the  gill  filaments,  at  right  angles  to  the  axis. 
More  remote  from  the  surface  there  is  a  sonunvliat 
scattered  layer  of  fibres  running  in  the  direction  of  the 
gill  axis.  Internal  to  these  agaiu  and  sej)aiate(l 
from  them  by  nujre  connective  tissue  is  another  layer  of 
fibres  running  in  the  same  direction  as  the  first  described 
(fig.  45,  Br.  m."). 

In  addition  to  the  above  there  are  two  very  important 
compact  bundles  (fig.  45,  Br.  iit.)  which  run  longitudinally 
along  the  gill  axis.  They  are  situated  at  the  sides  of  tlie 
axis  just  aboA'e  the  })oint  at  wliich  the  various  Hlaments 
separate  from  one  another  {Br.  m.).  In  certain  sections 
of  P.  opereiiJarifi  these  nniscles  have  shown  a  very  similar 
striation  to  that  of  the  pallial  muscles.  These  last 
muscles  serve  for  contraction  of  the  gills. 

The    Cardiac   Muscles.— The  auricles  and  still  more 

the  ventricle  are  well  su[)]»Hed  with  muscle  fibres.     They 

extend  around  the  heart,  lying  just  internal  to  the  wall 

and   passing  in  various   dii'ections   from   the   walls   across 

the    cavity    dividing    it    up,    so    that    it    has    almost    the 

appearance   of   a    sponge.        Tiiesc   muscles   are  described 

with  the  heart.       It  is  interesting  to  note  here,  however, 

that  in  the  specimens  fixed  and   sectioned,   no  traces   of 

definite  striation  were  foimd  on  these  fibres,,  except  in  one 

case,  resembling  that  of  the  radial,  pallial   and  ctcnidial 

muscles. 

FOOT. 

The  Foot  is  a  very  small  organ  situated  high  up  on 
the  anterior  surface  of  the  visceral  mass  (fig.  1,  F.), 
arising  from  the  surface  of  the  gonad  close  to  the  mouth. 
In  shape,  it  is  rcnighly  cylindrical  with  a  sucker-like 
termination   (fig.   T,   F .  s.).       This  free   end   of  the  foot 

AA 
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which  is  almost  bifid  has  a  very  deep  cavity,  the  dorsal 
boundary  wall  of  whicdi  extends  further  distally  than  the 
ventral,  which  is  notched. 

Two  sides  of  the  foot  can  be  distinguished,  the  dorsal 
and  the  ventral,  tlu^  latter  lias  a  groove  rtmning 
louffitudiuallv  alone:  its  surface  for  about  half  of  its 
length  (fig.  7,  P.  b.).  This  is  the  byssal  groove  and 
communicates  with  the  b^'ssal  gland. 

I'lie  deep  cavity  of  the  end  of  tlie  iooi  is  conHnued 
down  the  centre  until  it  almost  reaches,  if  it  does  not 
communicate  with,  the  cavity  of  the  byssal  gland  and 
groove.  The  foot  is  very  contractile,  and  in  fixed 
sj^ecimens  is  ustially  much  contracted  ;iiid  wiiiddcd;  it 
does  not  contain  any  extensions  of  ihe  viscera,  and  the 
greater  part  of  its  bulk  is  composed  of  muscle  fibres 
rminino-  in  various  dii'ections  in  a  o-roundwork  of 
connective  tissue.  It  is  bounded  by  the  usual  epidermal 
layer  of  epithelial  cells,  which  are  columnar,  the  depth 
being  about  three  times  the  width.  These  cells  are 
ciliated  ovci'  ihe  whole  out(M'  surface,  and  even  extend 
into  the  deej)  cavity  of  the  end  of  the  foot.  These  ciliated 
cells  are  veiy  fine  objects  for  showing  ilie  striated  cell 
margin  seen  in  ciliated  epithelium. 

'^riic  epidermis  lining  tlie  cavitx'  of  the  foot  dilVers, 
liowever,  fjoin  tli;it  on  the  outer  surfac(>s  in  that  the 
e})ithelial  cells  ar<>  compressed  in  the  middU*  })art  of  their 
length,  so  tliat  they  are  somewhat  liour-glass  shaped  and 
Imvc  inlciposcd  bclwccti  tluMii  many  mucous  glands  (fig. 
HI,  Mii.f/.).  In  ilicsc.  nuclei  ;ii(>  indist  inguishabl(\  bul 
fi'oni  the  size  and  slmpe  il  is  exticinely  probiibh^  thnt 
these  glands  ;ifc  iin  Icel  luliir.  In  phices,  in  secticuis.  th(> 
mucus  can  be  seen  emerging  from  between  the  epithelial 
cells,  and  if  the  foot  of  living  specimens  is  examined  the 
cavity  will  be  almost  always  found  full  of  mucus.       In 
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addition  to  these  tliere  is  another  hiyer  of  mucous  ghmds 
(fig.  10,  Mu.g.e.)  situated  more  internally  but  not  far 
from  the  epidermal  layer  above  described.  These  appear 
to  be  similar  to  the  mucus-secreting  glands  described  by 
Johnstone  (4)  as  occurring  on  the  foot  of  Caidium.  The 
glands  consist  of  groups  of  cells  aggregated  togethei-; 
sometimes  where  a  group  is  more  distinct  it  can  be  seen 
to  consist  of  about  5-8  cells  forming  a  kind  of  bull). 
From  this  clump  of  cells  a  long  stalk  arise"s  which  passes 
to  the  surface  and  insinuates  itself  between  the  epithelial 
cells;  it  may  divide  into  two  or  more  branches  just  below 
the  epidermal  layer.  The  stalk  is  non-tulnilar,  and  the 
contours  of  the  cells  composing  it  cannot  be  distinguished. 
The  ground  substance  of  the  cells  is  finely  granular,  and 
stains  a  peculiar  grey-blue  tint  Avith  methyl-blue-eosin. 

I'ndei-  the  epidermis  there  is  a  layer  of  connective 
tissue  comparative!}'  free  from  muscle  fibres,  and  the 
rest  of  the  foot  is  made  up,  as  previously  mentioned,  of 
connective  tissue  and  muscles.  Large  blood  spaces  are 
to  be  found  scattered  through  the  connective  tissue  and 
connected  at  the  base  of  the  foot  with  the  pedal  artery 
which  enters  it  on  the  dorsal  side ;  the  blood  lacunae  are 
connected  with  others  which  pass  over  the  visceral  mass 
to  the  dorsal  extremity  of  the  renal  organ. 

There  is  also  a  very  abundant  nerve  supplv:  the 
pedal  ganglia,  as  will  be  seen  later,  are  not  situated  in 
the  foot.  Two  pedal  nerves  pass  from  these,  and  after 
entering  the  foot  break  up  into  smaller  bundles  (fig.  8, 
N.  p.),  which  ramify  amidst  the  connective  tissue  and 
innervate  the  muscles. 

The  Byssal  groove  which  is  seen  on  the  ventral 
surface  of  the  foot,  is  a  deep  groove  lined  by  ciliated  cells, 
and  extending  almost  half  way  across  the  diameter  of  the 
foot.     In  Pecten  opercularis  the  foot  is  twisted  so  that  the 
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surface  with  the  bvssal  groove  faces  the  rig-ht  valve,  and 
it  "will  be  remembered  thai  it  is  the  rig'lit  valve  of  the 
shell  that  has  the  indentation  known  as  tlie  bvssal  notch. 
Though  there  are  no  traces  ot  th(>  byssus  in  the  adult 
P.  in(/,rln}iis,  the  byssus  g-land  is  very  Avell  devehiped.  It 
is  situated  very  (lce})ly  in  the  tissue,  in  fact  practically 
outside  the  foot,  in  the  midst  of  the  retractor  muscle.  If 
a  series  of  transverse  sections  is  followed  from  the  byssus 
groove  region  of  the  foot  to  the  retractor  muscle,  the 
following  sequence  will  be  observed :  -The  bvssal  groove 
is  rather  wider  at  the  bottom,  and  this  cavity  runs  in 
towaids  the  byssus  gland.  In  sections  iaken  below  the 
byssus  groove  the  sides  of  the  groove  have  coalesced  and 
the  cavity  alone  ir  present.  As  we  pass  further  in,  tlie 
dorsal  wall  ot  the  cavity  becomes  ridged  by  longitudinal 
projections,  which  gi'adually  meet  the  ventral  wall,  so 
that  ultimately  the  original  cavity  is  divided  up  into 
compartments  by  parallel  partitions  running  aci-oss  from 
the  dorsal  to  the  ventral  wall  (tig.  47,  Ji.  (/..  and  tig.  !)). 
These  conij)artments  are  deep  and  wide,  but  veiy  nariow. 
Sections  showing  this  structure  pass  through  llie  I'eiracbu' 
mus(de  alone,  and  are  thei'eforc^  posierioi'  to  the  actual 
font   itselt. 

1'he  pariiiion^  are  composed  of  connective  tissue  in 
whi(h  are  to  1)e  found  many  muscle  fibies,  and  are 
bounded  l)y  a  layer  of  e])tth(dial  cells  almost  cubical  in 
shape,  and  of  course  confinuou-^  witli  tliose  of  tlie  bvssal 
gland.  'I'liey  are  well  pro\idcd  -wiili  cilia.  Tlie 
coTU])artjnent  <  tciiniii.ilc  blindly,  and  a(  (he  same  lime 
become  icduccd  in  widtli:  i)iil  al  (licir  blind  ends,  the 
cells  ffig.  !)  Ii.<i.r.)  ;irc  ralliei'  largei-  than  the  olhci' 
epithelial  c(dls  and  conlaiu  practically  no  cont(>nts.  A 
strnr-liiieless  body,  picsnmably  the  nucleus,  is  jiresenl  in 
eacdi.  Inii    it    <taiu-!  dilfercntl\-    froiu    the  other   nuclei   and 
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is  ]>r(jl)aljly  in  some  exceptional  condition.  In  addition 
to  these  features  the  cells  have  long  cilia-like  processes 
which  are  almost  as  long  as  the  cells  themselves,  and 
these  meet  in  the  centre  of  the  space.  In  the  Pearl 
Oyster  [Maryaritifeia  vulyaris)  (2).  M'here  there  is  a  well- 
developed  bj'ssus,  the  same  threads  are  present  in 
connection  with  the  secreting  cells  of  the  byssus,  and  they 
pass  into  the  horny  mass  which  appears  to  have  been 
secreted  round  them.  Xo  byssus  is  present  in  P.  //n/.i-ii/ius, 
but  these  cells  are  presumably  the  gland  cells,  and  the 
peculiar  cilia-like  processes  are  identical  with  those 
forminff  the  root  of  the  bvssus  in  the  Pearl  Ovster. 

AVith  regard  to  the  functicms  of  the  foot,  which  seems 
so  rudimentary  in  the  adult,  we  have  already  seen  that 
in  the  early  life  history  it  functions  as  a  locomotive  organ, 
while  later  on  it  becomes  an  organ  for  attaching  the 
byssus  threads  to  a  foreign  body.  In  the  adult  it  seems 
from  observations  to  perform  neither  of  these  functions, 
though  in  the  case  of  P.  opcrculaii.^,  the  time  during 
which  byssal  threads  are  formed  is  probably  long,  and  in 
F.  vufius  the  byssus  is  spun  and  fixed  even  in  the  adult 
stages. 

That  the  foot  can  be  uiovlmI  about  and  extended  is 
easily  seen  when  watching  the  living  animal,  and  in  one 
case  it  was  observed  that  this  extension  brought  the  apex 
of  the  foot  outside  the  valves  altogether.  It  probably  is 
of  use,  therefore,  for  freeing  the  palps  and  gills  of  foreign 
particles,  as  the  foot  of  the  pearl  oyster  has  been  observed 
to  do.  The  cavity  at  the  apex  always  contains  a  quantity 
of  mucus,  and  we  have  already  seen  how  well  the  foot  is 
provided  with  glands.  This  mucus  may  be  secreted  for 
the  purpose  of  entangling  the  food  particles  that  are 
wafted  to  the  mouth,  by  the  gills  and  palps. 
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THE   CilLLS. 

Tlu'  (Jills  (If  Clenidia  (1*1.  II.,  iig.  1)  are  conspicuous 

in    tlic   pallial   cavity  wlien   the   valves   are   o|)eue(l,    and 

I'xtend   like   orano'e   tinted    curtains   on  each    side   of   the 

visceral    mass,    with    tlicir    Irec  edg-es   reaching   from    the 

lahial    palps   to  a    point  oi)[)osite  the  end  of  the  Rectum. 

At  tir>t  sig'ht  there  a})pear  to  he  two  p-ills  on  each  side  of 

the  body,   but  the  niorpholoii'ical   i(U'ntity  of  the  himelli- 

branch    <j;'ill-   with   the  clenidia    of   other  juollusca   is   now 

fully  established,  and  there  is  but  one  ctenidium  on  each 

side.        The>e   I  wo  apparent   o-ills   are   two   plates    (double 

for  the  g-reater  part  of  their  area),  formed  by  a  series  of 

filaments    loosely    attached    1o    one    another.         Tlie    two 

oj)posite  and  innermost  lamellae  meet,  fuse,  and  become 

continuous    with    a    s\ipportin<;'    ridge    at    their   proxinuil 

edges,  but  theii-  lower  or  distal  edges  are  reflected  so  that 

in  section  each  gill  has  the  appeaianee  ot  a   W,  the  two 

outside  limbs  liiMug  the  rellected   |)oitioiis,  and  only  iwo- 

thii'ds    the    height     of    the     middle     ones     by     which     the 

ctenidium     is    attached     lo     llie    Ixidy.         The    transverse 

section   is  diagra  m  mat  ical  ly  i-eprescnled   in    lig.  'JO.      Ivu'h 

of  these  doable  plates   is   known    a>  a    demibiaiudi    so   that 

there  are  two  demlbianchs  on  each  side,  an   inner  and  an 

outei',  which  logether  make  nj)  a  ctenidium. 

I'Aich  Ctenidium  consists  ol  a  suj)porting  axis  or 
ridge  (fig.  20,  /ir.  n.r.)  fi-om  which  de|)end  two  regular 
sei'ies  of  long  delii-alc  nlameiils.  These  two  sei'ies  foi'Ui 
the  two  direct  or  descending  lamellae,  this  jiai't  ol'  the 
nkimeiits  being  known  as  t  he  descending  lilament  (^(ig.  20, 
//y.  ,/.).  The  lower  ends  of  tiie  filaments  are  reflected  as 
previously  seen  (lig.  20),  on  the  onler  side  of  the  external 
demibranch  and  the  inner  side  of  the  internal  denii- 
branch,    aiul    the    ascending   or   reflected   portions  of   the 
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filaiut'llis  make  up  the  reflected  or  ascending  lamellae, 
corresponding  to  the  outer  liml)s  of  the  W  in  the 
diagram. 

The  direct  ai'd  reflected  lamellae  of  one  demibrancdi 
are  quite  continuous,  and  the  reflection  is  simply  a  device 
for  increasing  the  area  of  the  gills  without  occupying  an 
awkwardly  large  space.  The  reflected  lamella  (fig.  20, 
Br.  a.)  does  not  reach  the  axis  of  the  ctenidium, 
neither  is  it  connected  by  cilia  or  other  means  with  the 
mantle  or  with  the  ctenidium  of  the  opposite  side.  Nor 
is  there  any  connection  between  the  two  demibranchs  of 
one  side  except  at  the  axis  from  which  they  arise. 

The  Ctenidial  Axis  (fig.  20  and  45,  Br.  ax.)  is  a  plate- 
like ridge  of  connective  tissue  of  considerable  depth, 
depending  from  the  body  wall.  On  the  right  side  where 
the  adductor  is  inserted  nearer  to  the  hinge  line  than  on 
the  left,  the  axis  arises  not  far  from  the  labial  jDalps  and 
is  attached  to  the  adductor  muscle.  It  continues  ventrally, 
gradually  increasing  in  depth,  until  it  passes  the  point 
where  the  afferent  branchial  vessel  from  the  renal  organ 
enters  it,  and  just  where  the  pallial  nerves  from  the 
visceral  ffanfflion  enter  the  mantle.  Here  its  course  is 
diverted  and  the  (-tHiiidial  axis  leaves  the  adduct(jr  and 
is  suspended  from  the  mantle  lobe.  It  terminates  at  a 
point  almost  level  with  the  end  of  the  rectum,  but  its 
posterior  extremity  does  not  diminish  in  depth,  the 
filament-bearing  margin  continues  almost  parallel  to  the 
attached  edge,  and  the  posterior  extremity  has  a  slightly 
bifurcated  appearance  as  shown  in  fig.  1.  On  the  left 
side  the  c-tenidial  axis  is  attached  to  the  adductor  muscle 
along  its  whole  length,  and  does  not  extend  quite  so  far 
back  as  that  of  the  right  side. 

The  axis  is  made  up  almost  entirely  of  connective 
tissue,  with  a  good  supply  of  muscle  fibres  (fig.  45).     It  is 
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bounded  by  llie  usual  (>i)id('imis  formed  of  a  siiifrle  layer 
I  if  epithelial  cells.,  anio]i<^'st  \vliicli  sense  cells  occur 
frequently  on  tke  sides. 

L  uder  the  epitlieliuiu  the  connective  tissue  is  nutre 
compact  and  dense  than  elsewhere  with  the  series  of  muscle 
fibres  (fig.  4-3,  Br.m.',  Br.  in.")  which  have  been  already 
described.  \'ascular  spaces  are  of  frequent  occurrem-e  in 
the  connective  tissvu'. 

Xear  the  marjifiii  to  which  the  <rill  filaments  are 
attached,  and  runnino-  in  the  same  direction  as  thi> 
ctenidial  axis,  are  the  brancliial  nerve  (ho-.  4-3,  T.  Jir.)  the 
afferent  branchial  vessel  and  the  efferent  bran(  hial  vessel 
occuri'ing  in  the  order  nanu'd  (hg.  45,  Br.aff.,  Br.  cff'.), 
(he  nerve  Ix'iiio'  ncai-esl  to  the  body  and  tlu'  efferent 
bianchial  vessel  to  llie  ^ill  lilaiuciils.  This  two  l)h)od 
vessels  are  very  idose  togethei',  and  are  only  separated  by 
a   nai'row   bridge  of   conmM-tiv(>   tissue.  I'rom    the    two 

(•(U'Hcrs  oi  the  artcifiit  branchial  vessel  nearest  to  the  gill 
hiaments  fit  i^  almost  reclangulai'  in  s(M-lion)  blanches  aic 
given  olf  which  ])a>s  lirlwcen  the  wall  ol  the  etteiiMit  vessel 
and  the  surl'ace,  and  open  inlo  e.\[>ansnins  on  cerlain  oi 
I  he  lilameuts. 

The  filaments  which  make  np  the  lamellae  are  indlow 
outgrowths  troni  the  axis,  and  aiise  as  simj)le,  straight 
processes,  Ix'coming  I'eflectiMl  latei'.  .Jackson  found  in 
P.  irr(i(li(in<  fhat  the  young  forms  examined  had 
com])arat  ively  a  much  shorter  reflected  [tortion  than  the 
adults. 

The  gills  of  J'ecten  aic  amongst  the  best  exam|)les 
known  of  the  jiUcdli  tii/K.  that  is,  the  lihimenls,  instead 
of  l)eing  arranged  in  a  flat  unifoiin  serie.s,  are  so  |)laced 
that  the  laUHdJae  ai'c  thiowri  into  a  series  of  vertical  folds 
or  plicae  (tig.  2'2,  and  T(;\t-lig.  2).  This  plication  is  most 
ol)vioiis    neat    the    ctenidial    axis    wdiere    the    folds    are    so 
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deep  iliul  iLeir  surfaces  are  situated  at  ligkt  aiiu'les  to  the 
plane  of  the  axis.  The  plicatioii  is  least  near  the  free 
ventral  edg-e  of  the  lamellae.  Further,  the  filaments  are 
not  uniform  in  size  or  structure,  those  occupying-  the 
bottom  of  the  furrows  between  two  successive  plicae 
being  larger  and  knowu  as  Principal  filaiiunts  (figs.  21, 
'22,  FiJ.  p.),  Uwing  to  the  presence  of  two  forms  of 
filaments  the  gills  are  known  as  Hetcrorhahdic  f/d/s. 
Principal  filaments  are  only  developed  in  ])licate  gills, 
and  always  in  connection  with  iuterlamellar  septa,  whitdi 


Fig.  -2,     Section  ibrough  base  of  ,i;ill  filament:- 


50. 


are  organic  sheets  of  membrane  connecting  the  ascending 
and  descending  portions  of  these  filaments  (fig.  22, 
Br.g.J.).  In  very  young  specimens  the  principal 
filaments  and  iuterlamellar  septa  are  not  developed,  both 
being  secondary  differentiations. 

The  adjacent  ordinary  and  principal  filaments  are 
connected  in  P.  maximus  and  P.  opercular  is  by  stiff  cilia 
only,  arranged  in  patches  known  as  ciliated  discs.  The 
cilia  of  two  opposite  discs  interlock  just  as  two  brushes 
can  be  made  to  do.     There  are  no  organic  interfilamentar 
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juiictidus,  and  so  llie  vai-ious  tilanieiits  CMi  he  so[)aialo(l 
easily  in  tlie  living:  iininial.  <  >i<i'anic  inteililamentar 
junctions  occur  in  P.  tcniticoatatus  (1),  wliieh  makes  with 
Av'uuld  (ivinntcd  and  M a luidvitifira  n//(/tir/s  (9)  a  tliird 
exceptional  nicinher  of  the  Eleutheioihalxhi . 

The  histolof^v  of  the  o-ills  has  been  worked  out  from 
.serial  sections  cut  chiefly  parallel  to  the  ctenidial  axis, 
that  is  transversely  through  the  hlaments,  but  in  achlition 
sections  have  been  cut  parallel  to  the  hlaments  in  two 
directions. 

I'erennyi.  or  ^lann's  Fluid,  can  be  used  for  hxinji;'  the 
gills,  and  then  Mcthyl-blue-cosin  ditferentiates  the 
chitinous  framework  well,  staining  it  Ijhu',  the  cytoplasm 
purple  and  the  cilia  bright  red.  The  principal  hlaments 
should  be  dissected  out,  stained,  cleared  and  mounted  in 
Canada  Balsam  in  order  to  makt;  out  the  various  parts. 

The  filaments  are  tubes  bounded  by  a  very  delicate 
epithelial  wall,  the  cells  of  which  differ  in  shape  and  size 
at  various  points. 

The  ordinary  lilanienls  (iig.  'J-1,  /•'//.  <>.)  have  deeper 
cells  round  the  margin  further  away  from  the  iuler- 
laraellar  space,  and  these  <e\\>  aie  det^pesi  in  three  places 
forming  longitudinal  jidges,  the  cells  of  which  beai'  cilia. 
Thus  in  transverse  sections  of  ihe  lilanienls  there  will  l)e 
seen  three  sets  of  cilia  on  tlu^  lilament.  one  down  the 
frontal  surface  the  frontal  cilia  (hg.  'J-!,  C.fr.)  and 
one  on  each  side  n\'  the  tilanicnl  the  lateral  cilia  (lig.  2'», 
CI.),  a  narrow  space  separates  the  frontal  honi  the  lateral 
cilia.  This  disposition  of  ciha  is  ciuuacici  islic  of  most 
of  the  Lamellibranchiata.  These  cilia,  unlike  Iho^e  of 
the  ciliated  discs,  are,  in  life,  in  cojistant  action  pioducing 
the  currents  of  water  on  which  the  animal  depends  for  its 
food  supply  and  oxygen. 

The    ciliated    discs    are    patches    of    elongated    cells 
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situated  on  the  sides  oi  the  filaments  near  the  inter- 
kimellar  margiu,  forming  little  cushions,  and  these  are 
found  at  regular  intervals  down  each  filament,  those  of 
adjacent  filaments  being,  as  a  rule  at  the  same  level.  The 
walls  of  the  filaments  are  thus  brought  much  closer 
together,  and  the  narrow  space  is  occupied  by  the  stiff 
interlocking  cilia  which  these  cells  bear. 

The  upper  ends  of  the  ascending  portions  of  the 
filaments  (tig.  21,  Br.  a.')  are  almost  entirely  large, 
ciliated  discs,  for  they  have  no  organic  connection,  but 
are  held  somewhat  firmly  in  position  by  the  great  develop- 
ment of  interlocking  cilia. 

Each  of  the  filaments,  ordinary  and  principal,  is 
strengthened  by  a  skeletal  support  formed  of  chitin.  Thus 
the  skeleton  of  the  gill  can  be  prepared  by  acting  on  the 
soft  tissue  with  warm  caustic  potash. 

In  the  ordinary  filaments  this  skeleton  is  a  simple 
tube  lining  the  inner  surface  of  the  epithelium  (fig  2oJ, 
the  chitin  is  thinnest  on  the  margins  facing  the  pallial 
and  interlamellar  cavities  respectively,  and  thickest  on 
the  sides.  At  one  place  on  each  side,  nearer  the  inter- 
lamellar margin  than  the  frontal  margin,  the  chitin  tube 
is  much  thicker,  and  a  septum  arises  here  and  crosses  the 
filament  dividing  the  tube  into  two  parts. 

This  septum,  known  as  the  Intrafilamentar  Septum 
(fig.  23,  Fil.  Sep.),  is  generally  spoken  of  as  being 
chitinous.  In  most  of  my  sections  where  it  is  seen 
distinctly,  it  appears  to  stain  quite  ditterently  from  the 
chitinous  skeleton,  appearing  almost  as  if  it  were  cellular, 
and  nuclei  have  been  seen  in  it  which  were  not  adhering 
blood  corpuscles. 

There  has  been  much  discussion  regarding  the 
presence  of  a  continuous  layer  of  endothelial  cells  lining 
the  tube  of  the  filaments  on  the  inner  side  of  the  chitinous 
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skeleton,  and  llie  point  does  not  seem  to  be  easily  settled. 
Ividewood  (12)  was  not  able  to  obtain  any  conclusive 
evidence,  and  Pelseneer  (7j  and  Janssens  (10)  state  that 
the  layer  does  not  exist,  while  Kello.i;-^'  (5),  Meiic.Lcaiix  (17) 
and  Sluiter  aftirni  that  it  is  present.  It  is  interest in<i-  to 
note  that  Kellogg  (5)  states  that  in  Pcctcii  /rnn/idjis  the 
intrafilamentar  septum  is  endothelium  and  not  chitin,  and 
in  many  cases  in  P.  /iKhvinms  the  sanie  appearance  is  seen. 
I  should  not,  hoAvever,  care  to  at+irm  that  an  endothelial 
lining  exists. 

With  regard  to  the  function  of  the  intrahlamentar 
septum,  a  veiy  i)lausible  suggestion  has  been  nnide  that 
when  the  ascending  hlaments  are  not  in  organic  counec- 
iioii,  the  l)h)(>d  circulating  in  them  must  come  back  again 
Id  ihc  gill  axis,  and  the  septum  keeps  the  two  currents 
distinct,  whereas  when  the  tilaments  are  united  there  is 
onlv  one  curient  iiuiniiig  one  way  or  the  other  in  each 
tilamen  t. 

Kidcwdod  (12)  has  shown  that  the  septum  occurs, 
liowever,  ]»o;h  in  forms  with  the  ascending  Hlaments  in 
organic  connection  and  in  those  without. 

Furihei',  as  will  be  shown  later,  the  ordinary 
tilanuMits  onl\'  communicate  with  the  eiferent  vessel,  and 
1  am  inclined  to  believe,  (hereloic,  that  what  circulation 
there  is  iji  the  oi-dinary  hlaments  is  simply  a  current 
down  the  tilaments  whi(di  bi'Comes  slower,  stops,  and 
then  letuTiis  bv  the  same  channel  as  observed  l»y  Kellogg 
in  Ana.  It  is  much  more  likely,  as  Drew  suggests,  that 
the  septum  is  a  biacc  to  keep  tlie  hlament  from  swelling 
laterallv  owing  to  the  pressure  of  the  blood,  and  in  this 
way  becoming  circular  and  ohstiucting  the  How  of  water 
between  the  Hlaments. 

At  the  intei'lamellar  nuirgui  of  the  tilamentB,  and 
lying  between  the  chitin  .skeleton  and  the  epithelium,  is  a 
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delicate  nerve  (fig.  2-3,  Fil.  n.)  running  longitudinally 
down  the  filament.  It  is  connected  with  the  branchial 
nerves  to  be  described  later. 

The  principal  filaments  difter  in  shape  accoidiug  to 
the  level  at  Avhich  the  transverse  sections  are  cut. 

If  sectioned  at  about  the  level  of  the  terminations  of 
the  ascending  filaments,  they  have  a  T  shape,  oAving  to 
the  frontal  surface  being  much  extended  in  an  antero- 
posterior direction,  the  vertical  limb  of  the  T  I'cprcsenting 
the  interlamellar  portion  (fig.  "-21,  Fil.  p.). 

The  principal  filaments  have  no  connections  other 
than  b}'  ciliated  discs  with  the  adjacent  ordinary  tilaments. 
The  ordinary  cilia  are  to  be  found  chiefiy  on  two 
longitudinal  I'idges  of  columnar  cells  near  the  anterior 
ami  ])()sterior  edges  of  the  frontal  surface,  but  very  short 
cilia  are  borne  by  all  the  cells  on  this  surface. 

The  chitinous  skeleton  of  the  principal  filaments  is 
juuch  more  extensive  and  complicated  than  that  of  the 
ordinary  filament.  The  most  conspicuous  and  strongest 
part  consists  of  two  bars,  somewhat  triangular  in  sectiou, 
which  run  longitudinally  down  the  middle  of  the  frontal 
surface  just  underneath  the  epithelium.  The  two  edges 
of  these  bars  nearest  the  frontal  surface  are  fused,  the 
chitin  has  a  homogeneous  structure  and  stains  very  deeply 
(fig.  23,  Ch.  D.). 

From  the  outer  sides  of  these  two  thickenings  a  strip 
of  the  same  dark  staining  cliitiu  extends  in  an  inter- 
lamellar direction  until  it  eventually  reaches  the  walls  of 
the  filament,  which  it  lines  for  some  distance. 

Extending  from  the  sides  of  the  two  longitudinal 
bars,  near  the  frontal  surface,  are  two  thick  lateral 
expansions  of  a  paler  staining  kind  of  chitin  which 
extend,  lying  against  the  epithelium,  along  the  whole 
extent  of  the   frontal   surface,    and   also  line   the   sides, 
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enclosing  a  space  between  tlieni  and  the  darkly  staining 
portion.  This  pale  staining  variety  of  ohitin  has  a  more 
fibrous  structure  than  tlie  homogeneous  central  portion 
ffig.  23,  Ch.L.). 

The  nei'vo  ])raiic]i  passes  down  one  side  Ix'tween  the 
dark  staining  chitin,  where  it  approaclies  the  wall  of  the 
filament,  and  the  epithelial  cells,  but  between  the  uerve 
and  the  latter  is  a  very  delicate  strand  of  chitin  or 
connective  tissue. 

Several  strands  of  tissue  cross  the  filament,  and  the 
interlamellar  margin  is  exiended  to  form  a  membrane, 
which  tdwards  tli(>  lower  free  margins  of  Ihe  principal 
filaments  extends  completely  across  from  llic  divcciuling 
to  the  reflected  portions. 

The  interlamellar  junctions  (fig.  "J-"!,  Br.j.l.)  which 
unite  the  two  lamellae  only  extend  about  one-third  of  tlu> 
height  of  the  filaments,  though  the  principal  filaments 
develop  interlamellar  extensions  along  the  gieater  ]iart  of 
their  lengtli. 

This  interlamelhu-  extension,  however,  has  a  difiercnt 
chai'acter  in  Iwn  |i]a(<'<.  II  is  well  developed  on  llu^ 
descending  ])orlion  of  the  ])iin(ipal  filaments  above  the 
level  of  t!ie  free  >i])|)er  i'i\y>:i'  u\  the  refiectecl  lamtdlae,  that 
is  to  say,  in  a  position  where  there  arc  no  o|)posite  piin- 
cijial  filaments  for  it  to  be  connected  with  (fig.  20,  lir.  r.). 
This  expansion,  wliich  is  found  on  each  ])rincipal  filament 
at  its  end  nearest  to  the  ctenidial  axis-,  Mill  be  described 
Ix'hiw.  It  diminishes  until  it  piacliially  (lisa])p(>ars  at 
iibout  the  lieighl  of  the  upper  ends  of  the  reflecled 
filaments,  ;iii(]  then  mi  the  <ame  side  another  eN])aiision 
develops,  which,  more  ventially  si  ill,  extends  across  to 
meet  and  fuse  with  its  fellow  on  lh(>  opposite  principal 
filament  and  foi  in  the  iuferlamellai-  se])tum. 

The  fir.st  described  expansion  (fig.  20,  Br.  r.)  may  be 
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termed  the  respiratory  expansion,  for  it  is  pro))ably  here 
that  most  of  tlie  respiration  is  performed  in  the  gills. 
It  (see  figs.  23,  24,  2'))  is  formed  of  two  hounding 
la^-ers,  a  single  cell  thick,  of  epithelial  cells,  continuations 
of  the  sides  of  the  principal  filament.  The  space  between 
them  is  bridged  across  at  numerous  intervals  by  one  or 
two  cells,  serving  to  keep  the  two  walls  a  definite  distance 
apart.  At  the  free  margin  of  the  expansion  the  two  walls 
diverge  to  form  a  tube,  circular  in  transverse  section 
(fig.  23,  25,  Br.  v.),  which  is  the  channel  for  the  blood. 

The  free  margin  of  the  expansion  is  attached  some 
distance  up  the  side  of  the  ctenidial  axis,  and  the  vessel  at 
its  edge  becomes  directly  connected  with  the  afferent 
vessel  of  the  gills  (fig.  45,  Br.  v.  and  Br.  aff.). 

The  structure  of  this  expansion  is  more  peculiar  than 
it  appears  from  transverse  sections,  and  should  be 
examined  in  surface  view,  the  whole  filament  being 
stained  and  mounted  in  Canada  Balsam.  It  then  has  a 
folded  appearance,  as  if  there  were  a  series  of  pockets  on 
the  sides  of  a  plane  surface  (fig.  23).  A  section  parallel 
with  the  plane  of  the  ctenidial  axis  shows  that  this 
appearance  of  pockets  is  simply  due  to  an  extensive 
folding  having  iaken  place,  as  if  the  greater  part  of  the 
expansion  had,  through  increased  growth,  doubled  and 
re-doubled  on  itself  whilst  the  free  margin  remained 
straight  (fig.  24).  Cilia  are  to  be  found  on  the  free  outer 
edge  of  the  expansion,  that  is  on  the  vessel  itself,  but  do 
not  appear  elsewhere. 

It  will  be  best  now  to  indicate  the  changes  in  detail 
in  the  various  parts  of  the  lamellae,  and  the  mode  of 
attachment  of  the  filaments  to  the  gill  axis. 

Commencing  with  sections  through  the  ventral  edge 
of  the  filaments,  where  they  are  reflected,  there  is  a  row 
of  ciliated  discs  extending  along  the  whole  length  of  the 
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lamellae,  and  servinrj  tlins  to  keep  the  filaments  in 
position. 

From  this  ])oint  tlie  iilaments  take  np  their 
])osition  so  as  to  form  tlie  folds  or  plicae,  hut  these  are  not 
very  deep  near  the  base  of  the  lamellae  (Hi>'.  22).  The 
prinei])al  filaments  are  as  described  above.  Sixteen  or 
seventeen  ordinary  filaments  are,  on  an  average,  to  be 
found  lu'tween  them.  Both  ascending-  and  descending' 
jiortions  of  the  principal  filaments  are  connected  at  this 
K'vel  by  the  interlamellar  septum,  which  is  very  narrow. 

As  one  ])asses  by  serial  ti'ansverse  sections  from  the 
veiitiul  mai'g'in  to  tlie  ctenidial  axis  the  plications 
increase  in  depth,  and  the  interlamellar  se])tum  is  of 
greater  extent  until  above  a  point  one-third  of  tlie  height 
of  tlie  filaments,  the  septum  dies  away  in  the  mi(hlle, 
leaving  an  interhimcl  hu'  expansion  attacdied  to  l)olh 
the  ascending  and  descending  portions  of  the  ])rinci])al 
filaments,  'ihc  general  character  of  the  principal  iila- 
ments still  remains  the  same. 

As  we  reach  the  level  at  which  (he  ascending  Hlaments 
end  fHg.  21),  the  j)lication  of  the  reflected  himellae 
ilecreascs,  and  at  the  same  time  tiic  Hlaments  become  nu)re 
ch)s(dy  ci(»\\ih'd.  fhc  principal  lihunents  lose  their  T 
sha])e.  and  lictomc  ninrc  liianguhir  in  section. 

Fidni  thi  pdiiit  to  tlir  up|)tM'  (Mlge  of  the  lamellae 
ihc  (•hilinou>  >k('lcl(iii  of  tlic  principal  lilanuMits  becomes 
more  and  more  rcducrd,  and  al  tli(>  sain(>  time  the  w'dlh 
of  tile  (ilanii'nl  dimin  islies,  and  its  diameter  fi'om  the 
frontal  to  the  inteilamellar  surfaces  increases.  The 
ordinai'v  fihiinenls  l)ecome  inoic  compressed  and  elongated 
a*-  iegai(N  llii-  Iron  lo-iii  lei  hi  inelhir  diaineler,  until  the 
iinal  i-esult  is  llial  Itolh  ihe  |)rincipal  and  oi'dinarv 
Iilaments  looU  exactly  the  ^anie.  and,  owing-  to  Ihe  Iiicj-ease 
in   diameter,  both    kinds   of    lilaineiil^   become   .spalnlale   at 
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their  ends.  Some  of  the  ordinary  filaments  become 
attenuated  and  do  not  reach  the  level  attained  b}'  most  of 
tliem,  so  that  the  number  of  hlaments  is  leduced. 

These  sj)atulate  terminations  of  the  ascending^  portion 
of  the  fihiments  (figs.  20,  21,  Br.  (i.'j  are  only  united  l)y 
stiif  cilia.  In  one  or  two  cases,  however,  in  a  whole  sei'ies 
of  filaments,  two  adjacent  ones  may  be  organically 
connected,  but  this  is  exceptional,  and  usually  there  is  no 
connection  betAveen  the  upper  ends  for  the  circulation  of 
the  blood  from  one  filament  to  another.  Instead  of  there 
being  a  septum  across  the  filaments  at  this  level,  there  are 
numerous  delicate  strands  crossing  from  one  side  to  1he 
other.  Above  the  level  of  the  reflected  lamellae,  the 
branchial  interlamellar  expansion  is  developed  on  the 
descending  principal  filaments,  but  they  change  their 
shape  somewhat  and  the  plications  of  the  lamellae  become 
deeper. 

The  main  portion  of  the  principal  filament  is  now 
roughly  rectangular,  as  fig.  2'':!  shows.  The  chitinous 
skeleton  is  much  more  strongly  developed,  the  two 
longitudinal  bars  can  still  be  made  out,  but  the  lateral 
portions  have  thickened  up  considerably  and  have  broad 
transverse  connecting  bridges.  The  pale  staining  chitin 
is  present  in  the  same  position  as  in  the  sections  cut  lower 
down.  Cilia  are  borne  by  the  frontal  edge  as  before,  but 
owing  to  the  increase  in  the  depth  of  the  plicae  the 
adjacent  ordinary  filaments  have  their  sides  parallel  to 
the  frontal  margin  instead  of  being  in  the  same  relative 
position  with  their  sides  parallel  to  the  sides  of  the 
}>rincipal  filament. 

The  nerve  (fig.  2o,  Fil.  ii.)  can  be  seen  embedded  in, 
the  chitinous  skeleton  of  one  side,  and  there  is  also  more 
connective  tissue  and  muscle  fibres  in  the  filament. 

The    branchial    expansion,    which    is    on    the    inter- 

BB 
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lamellar  side,  opens  into  the  true  cavity  of  the  principal 
filament  at  one  edg'e  and  into  tlic  long-itudinal  vessel 
running  down  the  tree  margin  of  the  expansion  at 
the  other.  This  bring-s  us  to  the  chang-es  at  the  ctenidial 
axis,  hring'ing  about  the  atta(dnnent  of  all  the  filaments 
(text-lig.  2,  p.  373).  The  lamellae  are  most  ])licate  at  this 
level,  and  the  filaments  closely  crowded  together.  The 
first  change  is  a  permanent  fusion  of  the  ordinary 
filaments  at  the  apex  of  the  plicae,  i.e.  at  tlie  part  of  the 
fold  most  remote  from  the  interlamellar  side.  This 
fusion  is  due  to  a  development  of  connective  tissue  on 
ilie  sides  of  the  filaments  near  their  interlamelhir 
margins,  that  is,  in  the  position  wlieie  ciliated  discs  are 
found.  The  epithelium  of  the  interlamellar  margins  of 
the  filaments  thus  becomes  continuous  and  cut  off  from 
that  of  the  frontal  surface.  By  further  fusion  of  the 
filaments  they  eventually  all  become  continuous;  tlie 
principal  filament  also  takes  part  in  this  fusion,  so  that 
there  results  a  plicate  lamella  having  the  shape  of  the 
former  plicae,  but  made  uji  of  organically  connected 
filaments,  traces  of  wliicdi  are  still  seen  owing  to  the 
epithelium  on  the  fiontal  surface  di])ping  into  every  former 
interfilamental  gap.  Tho  e])ithelial  walls  of  the  ])rinci])al 
filaments  have  Itccninc  se|)arate(l  1)y  a  larger  iiiteival  fi'oni 
the  chitinous  endoskeleton,  that  (d'  the  frontal  surface 
becomes  continuous  witli  the  e|)ith(diuin  of  the  frontal 
surfaces  of  the  fused  oi'dinary  filaments,  and  that  of  the 
other  side  with  the  e|titheliuni  of  their  iuterlaincllai' 
surfaces. 

The  next  sei-ies  of  sections,  taken  still  nearer  to  the 
ctenidial  axis,  show  that  tlu^  grooves  between  the 
principal  filaments,  thai  is,  thr  deep  grooves  which  open 
to  tho  interlamellar  side,  l)ocome  reduced  in  depth  owing 
t<?    the    fact    that    the    development    of    connective    tissue 
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brings  the  epithelium  of  the  fused  interhnnellar  surfaces 
of  the  filameiits  more  in  a  plane  with  the  ctenidial  axis. 
This  means  that  the  outer  surface  of  the  lamella  tends 
to  become  a  continuous  plane  surface,  to  which  are 
attached  the  branchial  expansions.  The  cavities  of  the 
ordinary  filaments  remain  in  their  normal  positions,  and 
are  far  removed  from  the  epithelium  which  once  bounded 
their  inner  faces.  Furthermore  the  nerves  which  ran 
down  the  inner  edges  of  the  ordinary  filaments  have 
become  displaced  with  the  development  of  connective 
tissue  and  are  near  the  outer  edges  of  the  lamellae,  they 
are  much  larger,  and  almost  touch  each  other. 

The  outer  margin,  as  soon  as  it  becomes  a  plane 
surface,  is  continuous  with  the  ctenidial  axis.  The 
expansions  formerly  on  the  principal  filaments  are 
continued  over  the  outer  surface  of  the  axis  for  a  little 
way,  gradually  diminishing  in  size  until  the  level  of  the 
afferent  branchial  vessel  is  reached  and  the  vessel  of  the 
expansion  communicates  with  it. 

The  nerves  from  the  various  filaments,  forming 
almost  a  lamella  on  each  side,  pass  between  the  band  of 
muscles  which  runs  along  each  side  of  the  gill  axis  (fig. 
4o,  Br.  m.)  and  the  surface,  and  become  connected  with 
small  ganglia  or  groups  of  ganglion  cells,  from  which 
nerves  pass  up  at  the  sides  of  the  afferent  vessel  (lig.  45, 
Br.  nff.)  and  connect  on  to  the  ctenidial  nerve  (fig.  45, 
y .  br.].  The  presence  of  connective  tissue  and  longi- 
tudinal muscles  cuts  off  the  cavity  of  the  expansion  on 
the  principal  filaments  from  the  cavities  of  the  principal 
filaments  themselves,  and  further  from  all  communication 
with  the  other  filaments. 

On  the  inner  side  of  the  plicate  gill  lamellae  ihe 
epithelial  laver  tends  to  lose  its  plications  and  become  a 
plane  surface  by  the  development  of  connective  tissue; 
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but  while  tills  is  goino-  on  ns  we  approach  the  ctenidial 
axis,  the  same  structure  of  the  opposite  (leniihranch  is 
drawing  very  near  to  ii,  until  both  deniibranchs  fuse  by 
their  inner  surfaces.  The  cavities  of  the  ordinary 
filaments,  bounded  by  thcii'  chitinous  skeleton,  elongate 
in  a  direction  at  right  angles  to  the  plane  of  the  axis, 
until  they  eventually  come  in  contact  with  those  of  the 
opposite  demibranch,  and  thus  we  have  the  chitinous 
skeleton  of  both  deniibranchs  and  the  cavities  of  the 
filaments  continuous  and  all  opening  into  the  efferent 
vessel  of  the  gill  axis. 

This  elongation  of  the  caviti(>s  of  the  filaments  with 
their  skidcton  is  ])robably  only  due  to  the  sections  passing 
through  obliquely  owing  to  the  filaments  of  both  sides 
curving  over  as  the  chitinous  framework  becomes 
continuous.  Thus  the  blood,  which  has  been  forced  to 
the  various  parts  of  the  body  with  the  exception  of  the 
mantle,  and  has  been  collected  and  taken  to  the  renal 
organs  (fig.  16,  Ro.),  passes  from  these  on  each  side  by 
the  afferent  branchial  vessels  (fig.  45  and  fig.  Ki,  Br.  (iff.), 
and  then  fiom  tliese  laterally  into  the  vessels  running 
down  the  mnigins  of  the  bramdiial  expansions  of  the  prin- 
cij)al  gill  tilanients.  From  these  vessels  it  can  ])ass  into  the 
oxpansicnis  i  licniselves,  the  wlwilc  of  whicli  act,  therefoi-e, 
as  i'es])iiatoiy  surtaces.  This  biings  the  Ijhiod  into  the 
piinci])al  filaments,  from  wliich  it  passes  into  the  etferent 
l)rancliial  vessel  running  just  bidow  the  affcM'cnt.  Since 
thf  oi(liii;ii\'  hIaiMcnts  imh'  open  into  the  cIVcicnt  vess(d, 
the  blodd  tli;it  passes  thi'ough  llicni  \\\[\^\  lie  |);irtiallv 
aerated,  iiini  there  will  in  all  luobabil  ily  he  no  definite 
current,  ItuI  ;i  backwards  ;ind  foiwaids  motion.  It  seems 
cciliiin,  IVoni  the  (h'\'clo[uii('nt  of  vessels  in  the  niantl(>, 
that  (lie  great  fumtion  ot  the  gills  is  to  produce  currents 
of  water  for  aeration,   nutrition,   and  the  carrying  away 
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ol'  WMstf  ])i()(luets,  ;i]i(l  tlic  only  piiils  of  lljc  "•ills 
performing'  any  really  im])ortaiii  duty  in  resj)iration  are 
the  branckial  expansions  of  tlie  priuci])al  filaments. 

ALIME^TAlfY   CA^AL   AM)  DKiESTlNK  GLAMJ. 

The  Alimentary  Canal  of  Pec-ten  is  comparatively 
simple,  and  there  are  no  complicated  convolutions  in  the 
visceral  mass  as  in  Cardium.  The  total  length  is  about 
twice  that  of  the  longest  antero-posterior  diameter  of 
the  body. 

In  order  to  examine  the  alimentary  canal,  it  is 
necessary  to  remove  the  mantle  and  gills  from  the  right 
side,  and  it  will  be  easier  if  the  specimen  has  been  left  for 
a  day  or  so  in  5  per  cent,  aqueous  solution  of  formol. 

The  course  of  the  alimentary'  canal  in  the  visceral 
mass  can  be  best  made  out  by  shaving  off  slices  parallel 
to  the  surface.  Sections  will  also  best  show  the  shape 
and  position  of  the  stomach. 

The  mouth  (fig.  •'!!),  .1/.)  is  situated  between  the  lips 
which  are  conspicuous  dorsal  to  the  foot  (fig.  of),  Tjj).  u., 
Lp.  I.).  It  is  hidden  completely  by  them,  and  food 
particles  pass  into  it  by  being  carried  forward  at  each 
side  of  the  visceral  mass  and  foot  between  the  labial  palps. 

The  Labial  Palps  (hgs.  1  and  o9,  L.  p.  e.  and  L.  p.  i.) 
consist  of  an  inner  and  an  outer  broad  flap  on  each  side  of 
the  visceral  mass  at  the  points  where  the  gill  lamellae 
terminate  dorsally.  The  outer  is  a  continuation  of  the 
upper  lip,  and  the  inner  palp  of  the  lower  lip.  They  are 
pigmented  yellow-brown,  but  are  very  thin  and  somewhat 
transparent.  The  inner  palp  is  rectangular  in  shape,  and 
is  attached  to  the  visceral  mass  along  the  inner  long  edge 
and  the  short  ventral  edge.  The  attachment  is,  however, 
confined    to    these    two    edges,    and    the    whole    area    is 
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therefore  free.  The  attachment  of  the  ventral  side  is 
situated  on  a  small  protuberance  on  the  side  of  the 
gonads.  The  dorsal  short  side  passes  into  the  upper  lip. 
The  outer  labial  palp  is  rather  more  triangular ;  the 
attachment  is  by  the  proximal  side,  and  mainly  to  the 
visceral  mass  at  the  side  of  the  digestive  gland ;  the  lower 
end,  however,  is  prolonged  slightly,  and  is  attached  to  the 
mantle. 

The  attached  sides  of  the  palps  join  one  another,  so 
that  a  paipar  gutter  is  formed,  along  which  food  particles 
are  conveyed  to  the  mouth.  The  two  apposed  surfaces  of 
the  labial  })alps  are  grooved  (fig.  40) ;  the  other  two 
surfaces  are  plane.  The  ridges  run  across  the  surface 
almost  at  right  angles  to  the  attached  side,  that  is  directly 
across  the  direction  taken  by  the  food  current,  and  have 
their  crests  directed  orally  so  as  to  facilitate  the  passage 
of  jxirticles  in  that  direction  and  prevent  their  return. 

The  plane  outei'  suifaces  of  the  palps  are  bounded  by 
a  layer  of  cubical  luni-ciliatcd  e[)itlielial  cells  (tig.  -10), 
wliirh  are  pigmented  and  include  a  few  scattered  sense 
cells.  The  grooved  surfaces  are  bounded  by  a  layer  of 
mucii  elongated  ciliated  cells.  Those  on  (lie  summits  and 
sides  of  the  ridges  are,  however,  much  longer,  and  bear 
nioie  cilia  lliau  the  cells  at  the  bottom  ot  the  grooves; 
scattt'red  sense  cells  occui'.  'J'lic  rest  of  the  palp  is 
coui posed  of  loose  connective  tissue  witli  scattered  nuclei, 
and  numerous  spaces  with  blcjod  cor[)Uscles.  A  few  muscle 
hbres  form  a  somewhat  dili'use  layer  not  far  from  the 
surface,  and  there  aie  iii  addition  nerves  from  the  cerebro 
pleuial  ganglia. 

The  Lips  are  continuous  with  the  lal)ial  j)alps;  the 
uppcj-  with  tin;  two  external  palps,  and  the  lowei'  with  the 
interinil.  Th(;y  are,  in  Pecten,  very  extensive,  higlily- 
devclopud    structures,    and    very    characteristic   in    shape 
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(fig.  39).  They  consist  essentially  of  twn  transverse 
ridges  of  tissue,  very  similar,  liistulngically,  to  the  palps, 
but  without  the  grooves. 

These  two  ridges,  however,  are  produced  in  certain 
places  into  prolongations,  Avhich,  as  well  as  the  free  edge 
of  the  lips  generally,  divide  and  re-divide  into  very  small, 
short  and  swollen  processes.  In  this  way  the  lips  come 
to  have  a  dendritic  appearance.  There  are  two  main 
prolongations  of  the  upper  lip  with  dendritic  margins, 
situated  one  at  each  side  near  the  origins  of  the  labial 
palps.  The  lower  lip  has  a  very  large  median  prolonga- 
tion which  interlocks  with  those  above,  and  lesser  ones 
along  the  sides.  It  seems,  therefore,  that  this  develop- 
ment of  the  branched  margins  is  for  the  purpose  of  closing 
over  the  mouth,  leaving  a  channel  which  communicates 
at  each  side  with  the  groove  between  the  two  labial  palps. 
The  margins  of  the  lips  are  deeply  pigmented  with 
the  same  orange-yellow  that  is  found  on  the  palps,  and 
also  lining  the  oesophagus. 

The  upper  surface  of  the  upper  lip  and  the  lower 
surface  of  the  lower  lip  are  bounded  by  a  Uiyer  of 
epithelial  cells,  which  are  almost  cubical  in  shape,  and 
are  crowded  with  pigment  granules,  especially  near  the 
surface.  This  layer  is  continuous  with  the  somewhat 
similar  layer  that  covers  the  outer  surfaces  of  the  labial 
palps.  The  surfaces  of  the  upper  and  lower  lips,  which 
face  one  another  and  are  continuous  with  tbe  grooved 
surfaces  of  the  labial  palps,  are  bounded  by  a  layer  of 
much  elongated  columnar  cells,  which  contain  no 
pigment,  but  bear  numerous  cilia.  The  structure  between 
these  two  layers  is  loosely  packed  connective  tissue,  with 
numerous  spaces  containing  blood  corpuscles.  A  slightly 
denser  layer  immediately  underlies  the  epidermis. 

The  mouth   itself  (fig.   39,   M.)   is  a   transverse   slit 
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leading  into  a  rapidly  narrowing-  oral  caviiy,  wliicli 
I'ontiacis  into  the  narrower  width  of  the  oesophagus  (tigs. 
1  and  •■;(■).  A/.r.l).  This  latter  is  a  tube  about 
.', in.  l(jng'  in  P.  i/iau'/inus,  dorso-ventrally  compressed  and 
leading  upwards  and  posteriorly  to  the  stomach.  The 
opening  is  not  at  the  anterior  end  of  the  stomacli,  but  a 
little  further  back  and  on  the  roof — rather  to  the  right 
side  in  /''.  opcniildris.  Both  the  oesophagus  and  stomach 
are  completeh'  enclosed  by  the  digestive  gland,  the 
so-called  liver  (fig.  1,  D<l.\  The  oesophagus  is  lined  by  a 
thick  ej)itlielial  hiycr,  >liglitly  marked  by  transverse 
ridges,  which  has  the  same  yellow-brown  colour  that 
occurs  so  frequently,  and  which  contrasts  strongly  with 
the  dark  green  digestive  gland  surrounding  it.  The  cells 
forming  the  epithelium  are  U)ng,  narrow  and  ciliated. 
The  heiffht  of  the  cells  is  manv  times  the  width,  but 
since  there  is  very  litlk'  ditVerence  between  the  cells 
lining  the  various  ])arts  of  the  alimentary  canal,  a  fuller 
desciipl  ion  will  be  given  later.  Outside  the  epithelium 
there  is  a  basement  layer  of  compact  connective  tissue, 
and,  outside  this,  looser  connective  tissue  with  transverse 
and  loiigit  \idiiial  muscle  fibres,  wlii(di  is  connected  with 
the  strands  that  separate  tlie  lul)ules  of  the  digestive 
gland. 

Tiie  stomach  (ligs.  -'Hi  ;md  -'IcS,  .!/.  r..'J)  lies  in  the 
midst  of  the  (iigestiv(>  gland,  l)ut  usually  neaivr  to  the 
left  sid(-  than  the  liglil.  It  is  of  very  irregular,  roughly 
oval  shaj)e,  witJi  the  longest  diametei'  antero-posteiior, 
and  with  inegular  foUls  and  depiessions  breaking  up  the 
\\\\\\  into  ceitain  areas.  ^J\vo  of  these  on  the  bdt  side 
and  one  (ui  the  light  aie  more  iniportant  than  the  others 
and  occur  with  greater  regularity.  On  the  left  side,  not 
far  beliind  the  level  at  which  tlie  oeso})hagus  opens,  there 
is  a  crescentic,   anterior,   left   lateral   depression  (tig.   o'S, 
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AI.C.2'),  and  a  little  l)eliinrl  tliis  is  another  almost 
circular  posterior  left  lateral  depression  leading  into  a 
sliort  caecum  (fig.  08.  AI.  c.  2").  Into  the  first  there  open 
four  to  seven  ducts  ("hile  ducts")  from  the  digestive  gland. 
and  into  the  second  there  are  ahout  three  openings.  These 
ducts  are  situated  on  the  side  walls  in  F.  maximum,  and  are 
very  numerous.  The  number  is,  however,  variable  and 
difficult  to  make  out,  as  in  some  cases  ducts  may  join 
before  reaching  the  stomach.  (Jn  the  left  side  they  all 
open  into  the  two  depressions  mentioned.  On  the  right 
side  there  is  an  antero-posterior  groove  into  which  as 
many  as  ten  ducts  may  open.  The  stomach  is  usually 
found  to  contain  the  remains  of  vegetable  matter.  The 
walls  are  lined  bv  a  gelatinous-lookiuj;  substance,  found 
also  in  other  lamellibranchs  and  known  as  the  "  Heche 
tricuspide  '" :  this  -o  ill  be  considered  later  along  with  the 
crystalline  style,  of  which  it  is  in  all  probability  a  part. 

The  epithelium  of  the  stomach  is  for  the  most  part 
a  smooth  layer,  but  on  the  left  side  the  lining  of  the 
posterior  wall  of  the  anterior  depression  has  a  number  of 
delicate  ridges  separated  by  grooves,  leading  from  the 
openings  of  the  ducts  into  the  main  cavity  of  the  stomach. 
It  is  on  the  rig-ht  side,  however,  that  this  arrijoved 
epithelium  is  best  seen,  and  it  forms  quite  half  of  the 
wall,  extending  from  the  whole  width  of  the  crescentic 
depression  to  the  opening  of  the  intestine,  towards  which 
the  grooves  are  all  directed.  The  grooves  are  not 
separate  and  parallel  along  their  whole  length,  but  open 
into  one  another  as  the  intestinal  opening  is  reached. 
This  epithelium  of  the  stomach  rests  on  a  basement 
membrane  of  almost  structureless  connective  tissue. 
Outside  this  there  is  a  muscular  layer  made  up  of  fibres 
running  in  different  directions,  but  chiefly  transversely. 
External   to   the   muscle   laver,    and   between   it   and   the 
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digestive  •ji'laiul,  are  luimcrous  larjje  spares,  crowded  with 
blood  corpuscles,  amongst  wliicli  are  large  spindle-shaped 
connective  tissue  cells,  the  ends  of  which  are  drawn  out 
into  long  fibres. 

The  e})itlielial  cells  lining  the  cavity  of  the  stomach 
are  very  long  and  luirrow,  the  length  attained  averaging 
about  ()"0T  mm  The}'  have  prominent  elongated  nuclei 
situated  at  about  the  middle  of  their  length.  These,  like 
the  epithelial  cells  throughout  the  whole  length  of  the 
alimentary  canal,  are  richly  ciliated. 

If  sections  be  cut  transversely  across  the  grooved 
epithelium  it  will  l)e  seen  that  the  grot)ves  and  ridges  are 
due  to  the  varying  height  of  the  ej)ithelial  cells;  those 
which  lie  at  the  bottom  of  a  groove  are  only  one-quarter 
of  the  height  of  those  forming  the  ridge.  The  cell 
contents  are  the  same  in  the  two  cases,  and  the  cells  at  the 
bottom  of  the  grooves  bear  just  as  well  developed  cilia,  so 
that  the}'  apparently  function  as  (diannels  along  which  the 
secretion  of  the  digestive  ghuid  passes.  Some  of  the  cells 
(but  not  lliose  of  the  giooved  epithelium]  contain  large 
and  small  gr(>en  granules,  which  are  sometimes  as  wide 
as  the  cell,  and  lie  in  a  distinct  vacuole. 

THE    DIGESTLVK     (iLANJ). 

This  large  u-huid  ( lig.  1,  /A/.j,  which  is  the  only  one 
(H(U)iing  in  connection  with  th(^  alinientaiy  canal,  has  at 
various  times  been  known  as  llu;  liver,  the  llepato- 
pancreas  and  the  (jastiic  gland.  Tlie  only  function  that 
entitles  it  to  the  name  "liver"  is  that  of  jipj)arently 
toiiniiig  oi  ciu'tainly  oT  storing  fat  ajid  [)igment.  After 
mu(di  investigation,  it  now  appears  to  be  a  "  pancreas  " 
with  the  additional  function  of  storing  pigment,  and  in 
some  Lamellibranchs  (Ostrca)  large  quantities  of  fat.     It 
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is  better,  however,  to  terra  it  simply  "  digestive  gland." 
for  it  is  evident  from  experiments  that  it  secretes  ferments 
which  perform  functions  that  are  specialised  in  separate 
orirans  in  higher  animals.  It  is  conspicuous  both  from 
its  size  and  its  very  dark  colour,  due  to  the  contained 
ingmeut.  The  gland  itself  is  of  a  more  solid  consistency 
than  is  usually  the  case  in  Molluscs.  It  lies  dorsally  to 
the  adductor  muscle,  against  the  ligament,  which  causes 
a  depression  on  its  surface. 

ITie  gland  completely  wraps  round  the  large 
stomach,  and  there  is  no  sign  of  a  division  into  two  lobes 
in  its  compact  mass  except  that  the  ducts  open  in  two 
series  laterally  into  the  stomach,  as  has  already  been 
pointed  out. 

The  gland  may  be  tixed  for  sectioning  in  Elemming, 
Mann's  Fluid  or  by  McMunn's  method,  that  is  by  placing 
pieces  of  fresh  gland  in  20-30  per  cent,  formol  for  li2-14 
hours,  and  then  in  9-3  per  cent,  alcohol. 

The  green  pigment  can  be  seen  in  .</tu  whether  tixed 
in  formol  or  by  Mann"s  Fluid,  though  it  is  dissolved  out 
readily  by  spirit,  if  placed  directly  into  it. 

It  (fig.  oOj  is  a  tubular  gland  formed  by  the  ducts 
dividing  up  into  numerous  branches,  which,  ramifying 
on  their  way,  divide  still  further  to  form  caeca. 

In  Pecten  this  makes  up  practically  the  whole  of  the 
gland,  for  there  is  no  great  development  of  vesicular 
connective  tissue  as  seen  in  the  oyster.  Moreover,  in  the 
latter  the  secreting  alveoli  are  to  be  seen  in  sections  as 
tubes  with  a  considerable  cavity.  In  Pecten  they  are 
very  short,  and  soon  become  wholly  solid  in  character,  so 
that  the  first  difference  which  one  notes  on  comparing 
sections  of  the  two  glands  is  the  solidity  of  the  one  and 
the  tube-like  alveoli  of  the  other.  It  is  difficult  to  divide 
the  cells  lining  the  ducts  into  diiferent  categories,  for  one 
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kind  seems  to  l)c  giadually  iiausforiued  into  aiiotlier,  and 
probably  there  is  only  one  type  of  secreting  cell  present. 

The  dncts  (fig.  50)  conveying  the  secretion  to  the 
stomach  divide  up  in  the  gland  into  several  branches  lined 
with  ciliated  epithelium.  The  cells  are  columnar  and 
granular  in  appearance,  with  a  prominent  n\u  leus  near 
the  base.  They  are  supported  by  a  layer  of  connective 
tissue — the  tutiica  projirla  (fig.  -30,  Tit.j).).  Outside 
this,  again,  is  a  layer  of  circular  muscle  fibres,  which  pass 
round  the  duct  forming  the  tunica  nniscnlaris  (fig.  50, 
7'».  //'.)  ■'  Macroblasts,"  or  eosinophilous  cells,  as  seen  in 
the  oyster,  are  not  present  in  Pecten,  though  under  the 
action  of  the  same  fixatives  and  stains  they  show  up 
strongly  in  the  numtle. 

The  only  type  of  cell  present  appears  to  be  the 
granular  cell  lining  the  alveoli  (Hg.  50,  A  I.),  but  smaller 
cells  can  be  observed  between  some  of  these,  which  stain 
much  more  intensely  than  the  others.  These  are  probably 
simihir  to  the  cells  described  l)y  .Mac.Miuiu  (21)  in  the 
"•astric  inland  of  I^a/d/a,  and  are  vounj;  cells  which  will 
replace  the  others,  for,  in  sections  through  the  alveoli,  the 
granular  cells  can  be  seeii  iji  ])rocess  of  being  shed  into 
the  lumen,  and  ihere  are  l>odics  in  thi'  course  of  Ihe  ducts, 
of  common  dccui  rcncc,  that  arc  undnubtcdiy  lliese  shed 
cells  on  their  way  to  i1k>  inteslim".  fn  ihis  way  the 
digestive  gland  appears  to  have  an  excretory  function 
in  addition  to  its  storing  and  pancreatic  functions. 
L*igment  concretions  do  not  aj)pear  in  the  lumen  of  any 
of  the  alveoli.  Cilia  are  confined  to  the  ducts,  and  as  an 
alveolus  is  followed  towards  its  caecal  end  the  cells  become 
fewei'  and  moie  swollen  (fig.  5,  .1/.')  and  intensely 
vacuolated,  the  nuclei  lying  against  the  connective  tissue 
membrane  supporting  the  cells.  Kventually  the  lumen  of 
the  alveolus  disappears  altogether,  ajid  the  cells  meet  in 
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the  centre  (fig.  50,  Al.'') ;  their  protoplasm  has  practically 
disappeared,  there  are  just  a  few  strands  left  crossing  the 
cells  which  contain  the  green  pigment  granules  clustered 
together  in  little  groups.  The  connective  tissue  memlnane 
bounding  the  alveolus  has  here  become  verv  thin,  aud  the 
circular  muscles  have  practically  disappeared.  MacMunn 
(21  j  has  termed  the  green  pigment  enterochlorophyll,  and 
finds  that  the  spectrum  given  by  the  spectrophotometer 
is  almost  exacth'  that  of  plant  chlorophyll  modified  by  tbe 
addition  of  a  little  acetic  acid  acting  for  several  hours. 
lie  considers,  therefore,  the  pigment  to  be  modified 
clilorophyll.  Miss  IN'ewbigin  considers  the  resemblance 
of  tliis  pigment  to  chlorophyll  to  be  only  superficial,  and 
l^laces  it  in  the  same  category  as  Chaetopterin  and 
Bonellin. 

It  is,  however,  almost  certain  that  the  colour  of 
tbe  digestive  gland  at  any  time  is  dependent  on  the  colour 
of  the  food,  and  several  observers,  including  List  and 
Dastre  and  Floresco  (6  and  19j,  have  shown  that  if 
Lamellibranchs  are  fed  with  colouring  matter  this  appears 
in  the  form  of  small  granules  in  the  cells  of  the  digestive 
gland,  and  even  after  two  hours  can  be  traced  there.  List 
shows,  further,  that  it  is  a  direct  absorption,  and  not  a 
function  of  the  wandering  cells. 

In  order  to  determine  the  action  of  the  secretion  of 
the  digestive/  gland,  the  following  bio-chemical  experi- 
ments were  undertaken.  They  confirm  those  of  Eoaf  (22) 
on  the  glands  in  other  molluscs. 

The  glands  were  taken  from  several  Pecten,  the 
whole  mass  weighed  and  then  minced  up  in  a  definite 
volume  of  distilled  water  to  Avhich  a  little  Hf'X  (or  toluol 
when  testing  for  sugar)  was  added  as  a  preservative.  This 
was  allowed  to  stand  for  twenty-four  hours  and  then 
strained  through  muslin  and  a  series  of  solutions  made 
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up,  each  containing  a  definite  amount  of  the  extract, 
tog-ether  with  the  substance  to  be  acted  upon.  The 
■'  liver  "  extract  Avas  neutral,  perhaps,  if  anything,  slightly 
acid  in  reaction  to  litmus.  The  following  were  tlie 
various  ex])eriiuents  made:  — 

(1)  occ.-^HCl  +  4cc.  dist.  H.,0  4-  3cc.  extr.  +  -ogr.  lihrin. 
^  ^  lU  " 

(2)  occ.--^^ —  Xa.CO.  +  4cc.  dist.  H.^O  +  3ce.  extr.  +  -ogr.  fibrin. 

(3)  9cc.  dist.  H..0  +  3cc.  extract  +  -ogr,  tiliriu. 

(4)  occ.-yTT  NaX'O:,  +  4cc.  dist.  H.O  +  3ec.  extr.,  allowed  to 

stand  three  hours,  and  made  acid. 

N 

(u)    oec.    ,.^  HCl  +  4cc.  '2  "^  peptone  +  4  cc.  extract. 

(6)  occ.   |(^  Na.CO;;  +  4cc.  2  %  peptone  +  4cc.  extract. 

N 

(7)  occ. H.jO  +  4cc.  2%  peptone  +  4ca  extract. 

(8)  occ.  1%  Methyl  .\cctate  Sol.  +  2cc.  extract. 

(9)  occ.  1%  Methyl  Acetate  Sol.   +  dist.  H,0  (as  control). 

To  each  nt  llie<e  two  diops  iif  IK'N  were  addeil  as  a 
preservative. 

(10)  Extract  -f  Starch  Solution  :  toluol  ;is  ju-esei'vative. 

After  allowitig  the  various  mixiuies  to  stand  Idi- 
forty-eight   hours,  the  following  tests  were  made: 

The  residues  from  1,  2,  •'!,  4  and  7  were  divided  iut(t 
three  ])ar(s  icspeclively,  and  the  following  products  of 
digestion  sought  f<u'  peptone  oi'  albuinoses,  tyiosin.  and 
t  ryj)tophane. 

The  liinicl  test  consists  m  the  adilition  ot  one  drop 
of  CuSO^  s(d.  and  then  K  1 1  <  •  —a  rose  ccdoratioii  indicates 
albunioses,  a  violet  colour  indicates  unchanged  protein. 

Tyrosiu  is  te.sted  for  by  adding  Millon's  reagent  to  a 
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portion  and  filtering  off  the  precipitated  proteid ;  the 
filtrate  becomes  red  on  boiling,  if  tyrosin  is  present. 

Tryptophane  gives  a  reddish  violet  colour  with 
bromine  or  chlorine  water. 

The  results  were  as  follows: — The  fibrin  was  all 
digested  in  the  acid  solutions  (1)  and  (4);  about  three- 
fifths  on  the  average  was  left  in  the  alkaline  mixture  (2), 
and  a  little  less  in  the  neutral  (3).  The  biuret  reaction 
was  ver}'  good  in  (1),  medium  in  (2)  and  (3).  Tyrosin 
reaction  was  good  in  (1),  medium  in  (2),  and  fair  in  (3). 

There  was  pra^^'tically  no  tryptophane  in  any  of  them. 
It  will  be  noticed,  therefore,  that  digestion  proceeds  best 
in  acid  media,  the  reverse  of  the  process  in  the  (^rustacea. 
With  the  peptone  solutions  (5),  (6)  and  (7),  though  the 
same  tests  were  made,  it  was  a  diminution  of  the  biuret 
tint  that  was  looked  for,  since  digestion  would  convert 
the  peptone  into  more  simple  products.  The  results  were 
almost  negative ;  the  residues  all  gave  a  strong  biuret 
reaction  and  no  tryptophane ;  the  tyrosin  reaction  was 
good,  but  it  was  found  later  that  the  peptone  itself  gave 
this  reaction.  If  there  are  therefore  any  ereptic  ferments 
present,  they  are  in  small  quantities  only. 

Experiments    (8)    and    (9)    were   for   the    purpose    of 

testing  for  fat  digestion ;    the  methyl  acetate  was  broken 

up  into  acetic  acid,  which  was  estimated  by  titration  with 

decinormal     sodium     hydrate     in     presence     of     phenol 

phthalein. 

N 
No.  (9)  was  a  control,  and  required  1"3  c.c.  ..^  NaHO 

N 
to  neutralise  it,  Avhereas  Xo.  fS)  required  10"6  c.c.  — -  NaHO 

to  neutralise  it  and  smelt  strongly  of  acetic  acid. 

No.  (10),  after  standing  48  hours,  gave  xo  blue 
colour  with  Iodine,  the  starch  had  all  been  hydrolysed. 
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The  secretion  of  the  fligestire  glaiul  is  capable, 
therefore,  of  acting  upon  proteids,  starch  and  fats,  or,  in 
other  words,  it  contains  pioteolytic,  amyhilvtic  and 
liptdytic  ferments,  like  the  pancreatic  juice  of  vertehrates. 
The  action  of  these  ferments  is  to  convert  colloid  materials 
like  starch  and  proteid  into  the  ditfusible  materials,  sugar 
and  peptone,  which  are  eventually  absorbed;  and  the 
intestine  must  be  considered  as  the  i)]a(>e  where  this 
absorption  is  going  on,  the  descending  limb  from  the 
stomach  being  probably  the  main  portion  concerned. 

Tlie  intestine  may  be  divided  into  three  sections, 
which  are  of  practically  tlie  same  length:  (1)  the 
descending  portion  (tig.  •■!!),  AI.  c.  3)[  (2)  the  ascending 
portion  (^4/.  c  4):   and  (3)  the  rectum  (A/,  c.  o). 

(1)  The  descending  limb  of  the  intestine  arises  from 
the  stomach,  not  posteriorly,  but  ventrally,  at  almost  the 
middle  of  its  length,  and  passes  anteriorly  and  downwards 
from  the  stomach  through  the  digestive  gland  to  the 
reproductive  region  of  the  visceral  mass  (tig.  1).  At 
the  level  of  the  foot  this  portion  of  the  intestine  lies 
amidst  the  tul)ules  f)f  the  gonad,  in  the  median  line,  veiy 
neai'  tu  the  sujface  of  the  visceral  mass  lying  against  the 
adductor  inuscle.  I-'i-oni  this  ]xiint  it  curves  forwanls 
tdwiifiU  the  ticc  maigiii  of  the  visceial  nia<s.  and  in 
/'.  inn. minis  extends  down  to  the  extfcnic  end  i)\  the  latter, 
where  it  IxMids  suddenly  and  retui-ns  as  tlie  (2)  ascending 
limb.  This  lies  close  to  the  addm-toi-  surface  all  the 
N\ay  ,ind  ;il  lir^t  in  the  median  line,  hut  when  the  point  is 
T'cached  wheic  the  descending  portion  conies  near  to  the 
iidductoi'.  the  a'<cending  jxirl  ion  is  d  is|»j;icc(l  iind  lies  to 
the  riglil  ol  It.  •~n  liiiil  il  event  n;il  I  \  |dnnge^  into  the 
digestnc  g];iiid  on  the  right  side.  ;ind  lies  near  the  sui'face 
on  the  I'ight  side  close  to  the  mlductoi'  nius(  le.  Il  passes 
up  to  the  dorsal  surface  of  the  gland,  where  it  lies  in  the 
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median  line  exactly  under  the  anterior  aorta.  It  now 
enters  the  perioardinm  and  passes  through  the  ventricle 
of  the  heart. 

The  course  of  the  alimentary  canal  in  P.  opercularis 
is  somewhat  ditferent,  but  only  in  the  visceral  mass. 
Instead  of  the  descending-  limb  passing  down  to  the  end 
of  the  reproductive  region,  it  stops  short  at  about  the 
junction  of  the  seminal  portion  with  the  ovarian,  and 
forming  a  loop  at  this  point  returns  to  the  digestive  gland 
as  the  ascending  limb,  without  passing  through  the 
ovarian  region  at  all. 

The  descending  portion  of  the  intestine  in  transverse 
section  (fig.  37)  is  almost  circular,  but  owing  to  differences 
in  the  cells  lining  the  cavity,  there  is  a  trace  of  division 
into  two  compartments.  The  larger  part  of  the  cavity  is 
lined  by  epithelium  cells,  which  are  elongated  and  many 
times  their  width  in  length  rfig.  42).  Most  conspicuous, 
however,  are  the  cilia  whicb  they  bear.  These  are  strong 
looking,  of  considerable  length,  and  j)resent  in  great 
numbers.  These  cells  have  finely  granular  contents,  and 
often  contain  large  granules  of  a  green  colour. 
Separating  this  region  from  another  to  be  ])resently 
described  are  two  ridges  situated  opposite  one  another 
(tig.  37),  and  formed  of  epithelial  cells  about  twice  as 
long  as  those  previously  described,  but  their  cilia  are  not 
so  numerous  nor  as  strong,  and  the  cells  do  not  contain 
the  round  green  granules.  The  cells  lining  the  smaller 
cavity  (fig.  37,  Al.  c.  3')  are  much  shorter  than  any  of  the 
others,  being  only  about  a  quarter  as  long  as  those  of  the 
ridges.  Like  those  cells,  they  bear  much  shorter  and 
weaker  cilia.  The  division  between  these  two  parts  of  the 
intestine  is  btit  slight,  and  the  differences  are  due  to  the 
character  of  the  cells.  Projecting  into  the  larger 
compartment   of   the    intestine    (fig.    37,    Cris.)   from    the 

cc 
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stoniaeli  is  a  gelatinous  rod,  the  Crvstalline  Style  (fig.  36). 
In  dissections  it  seems  to  fill  tlie  whole  lumen  of  the 
alimentary  canal  at  this  point,  though  belonging,  as 
pointed  out,  to  the  one  compartment,  for  microscopic 
sections  are  necessary  to  see  the  separating  ridges. 
Pecten  shows  a  primitive  condition  in  that  the  style  lies 
in  the  intestine,  but  other  fornis  are  known  connecting 
this  with  the  complete  separation  of  a  crystalline  style  sac, 
appended  to  the  stomach.  There  has  been  a  great  amoinit 
of  discussion  with  regard  to  the  origin  and  function  of  the 
crystalline  style,  almost  every  writer  formulating  a  new 
theory,  one  or  two  of  which  will  be  considered  here.  The 
style  has  been  regarded:-  (1)  As  playing  a  part  in  the 
act  of  generation  (von  ITeide,  Cailliaud);  (2)  as  a 
rudiment  of  the  radular  sac  of  the  (ilossopliora  (Balfour); 
(y)  as  acting  mechanically  upon  the  food  under  the  action 
of  the  digestive  fluids  (Milne  Edwards),  or  serving  to  bring 
the  food  particles  between  the  style  and  the  dense  cilia  of 
the  e])ithelium  (Sabatier);  (4)  as  preveuting  the  food 
froui  passing  loo  ([uickly  through  the  alimentary  canal 
before  it  has  time  to  digest  (Kellogg);  (•"))  as  a  reserve 
food  material  (Hazay,  Haseloif;  (24  aud  25):  (6)  as  an 
excretion  (Claus);  (7)  as  lubricatiug  llie  undigested  food 
])articles  jjassing  through  the  intestine  (Barrois)  (23); 
(8)  as  an  active  digestive  ferment  (Mitra)  (26). 

In  Pecten  Diaximu^  the  style  is  laigo,  sometimes 
attaining  a  length  of  three  inches.  It  is  circuhir  in 
transverse  section,  and  widest  neai'  the  stoniacli  into 
which  it  protrudes.  Fioni  here  it  tapers  to  a  })i)int  near 
the  end  of  the  descending  limb  of  the  intestine.  The 
upper  end  is  sometimes  rounded  and  enlarged,  forming  a 
knob;  at  other  times  it  is  connected  with  the  gelatinous 
lining  of  the  stomach,  and  it  seems  certain  that  this 
"  floche     tricuspids "     and     the     crystalline     style     are 
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continuous  and  have  the  same  structure  and  function. 
The  fresh  styles  are  flexible,  and  very  elastic.  The  colour 
is  a  translucent  brownish-yellow.  In  some  cases  the 
style,  when  removed  from  the  intestine,  came  out  quite 
clean.  On  other  occasions  there  was  a  beautiful  spiral  of 
green  substance  (like  the  matter  found  in  the  stomach 
and  rectum)  encircling  it,  as  shown  in  tig.  36.  It  might 
also  have  a  dark  axial  portion.  In  cross  section  (fig. 
46,  a.)  under  the  microscope,  the  substance  of  the  style  is 
seen  to  be  perfectly  homogeneous,  with  no  organised 
structure  and  generally  with  but  little  diiference  between 
the  substance  forming  the  axis  and  that  of  the  j)eriphery. 
There  is,  howevier,  a  very  distinct  laminated  appearance, 
as  if  the  style  were  formed  of  concentric  layers  of  a  colloid 
substance,  and  this  gives  it  a  striated  appearance  in 
longitudinal  section.  The  dark  axis  that  occurred  in  one 
specimen  was  due  to  a  thick  dark  ring  which  \vas 
apparently  formed  of  a  similar  substance  to  that  found 
encircling  the  outer  surface  of  some  of  the  styles  and, 
like  it,  arranged  in  a  spiral  manner.  The  concentric 
dark  rings  seen  in  transverse  section  are  also  probably 
due  to  the  same  green  food  matter  from  the  stomach. 
Barrois,  in  a  detailed  account  of  the  structure  and 
physiology  of  the  style  (23),  gives  descriptions  of  the 
chemical  composition  and  reactions ;  and  these  are  borne 
out  by  the  later  work  of  Mitra,  whose  analyses  show  that 
there  is  about  88  per  cent,  of  water  in  the  style,  about 
12  per  cent,  of  proteid.  and  about  1  per  cent,  of  salts. 
The  style  is  slowly  soluble  in  water,  and  the  solution  is 
neutral.  Tho  tests  made  on  the  style  of  Pccten  agree  with 
those  of  Mitra  on  Anodon  (26)  and  Barrois  on  Cardium 
(2Z). 

The  presence  of  proteid  was  indicated  by  the  xantho- 
proteic reacjtion  (a  Avhite  precipitate  is  given  by  addition 
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of  nitric  acid  to  the  soUitioii,  which  turns  yellow  on 
boilino"  and.  after  coolino-,  becomes  oranye  on  the  addition 
of  ammonia).  Millon's  leag-ent,  when  added  to  the 
original  solution,  gave  a  white  precipitate,  turninjj  brick 
red  on  boilino-.  I'he  Biuret  test  also  iudicatccl  jjroteid. 
The  concentrated  solution  is  coag-ulatcd  on  heating'.  The 
proteid  as  shown  by  Mitra  belongs  to  the  (llobuliii 
class. 

With  reg'ard  to  the  physiological  ])ropt'irics  ot  the 
style,  the  following  must  be  noted.  It  disa])]ieais  when 
»the  animals  are  kept  in  sea  water  free  from  nutriment  of 
any  kind.  This  has  been  shown  to  be  also  the  case  in 
Anodon.  After  transit  Mitra  fouud  that  titty  might  be 
opened  without  showing  any  trace  of  the  style,  whereas 
if  placed  in  a  fresh-water  aquarium  with  plenty  of  food, 
it  was  invai'iably  present  after  an  iiiteival  of  a  few  houi'S. 
Mitra  also  states  that  his  mussels  were  not  able  t(j  carry 
on  respiration  and  nutrition  actively  duiing  the  night, 
owing  to  a  leakage  in  the  tank  containing  them,  with  the 
result  that  the  style  was  absent  when  mussels  were 
examined  at  eio-ht  o'clock  in  the  moining',  and  ihc 
digestive  function  was  also  in  abeyance. 

Two  or  three  hours  afterwards  the  style  would  be 
present.  In  the  case  of  Pecten  such  rapid  altevaiioiis 
were  not  found,  b\it  specimens  kepi  in  a  lank  w  hich  was 
simply  aerated  by  an  air  cui'i'cnt,  and  in  water  which  was 
practically  free  fi'om  food  matter,  were  always  found  to 
l)e  without  the  styles. 

It  seems  that  the  ])rescnce  of  (he  cryslallinc  style  is 
concerned  witJi  digestion,  and  il  i>  iulerest  ing  therefore 
lo  find  that   it  contain^  a  digestive  t'eruienl. 

'I'o  test  the  ad  ioti  a  solution  of  several  styles  was 
made  up  and  allowed  to  act  ou  a  -laich  solution  l'(»r  some 
hours.   ])]'ccaulions   having   been    taken,    as   a»  control,    to 
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test  first  for  sugar  in  the  reagents.  At  tlie  end  of  the 
time  some  of  the  starch  had  hoen  hydrolysed,  and  the 
solution  now  reduced  Trommers  and  Fehling's  solutions. 
The  phenyl  hydrazine  test  also  indicated  the  ])resenee  of 
sugar. 

Mitra  was  the  first  to  show  that  the  crystalline 
style  contained  a  digestive  ferment  (26),  which  was  able 
to  convert  starch  and  glycogen  into  sugar.  He  assumed 
from  this  that  the  work  of  the  crystalline  style  was  that 
of  a  ferment.  Xow,  though  I  have  found  the  ferment  in 
the  styles  of  Pecten,  the  amount  of  starch  which  was 
hydrolysed  was  small,  and  it  is  possible,  especially  if  the 
style  be  regarded  as  a  secretion  of  the  digestive  gland, 
that  the  presence  of  a  ferment  is  accidental. 

With  regard  to  the  question  of  the  origin  of  the 
style,  the  tricuspid  body  and  the  latter  have  exactly  the 
same  structure,  and  in  some  specimens  appeared  to  be 
continuous.  Further,  the  tricuspid  body  is  in  close 
connection  with  the  lining  of  the  stomach  and  extends 
into  the  pockets  and  openings  of  the  ducts  from  the 
digestive  gland.  I  think  it  probable,  therefore,  that  the 
style  is  secreted  bv  the  diffestive  g-land.  The  cells  of  the 
alimentary  canal,  with  their  long  cilia,  have  not  exactly 
the  appearance  of  secreting  cells. 

With  regard  to  the  various  theories  named  above, 
there  are  serious  objections  to  most  of  them.  The  style 
cannot,  moreover,  be  looked  upon  as  a  rudimentary 
structure,  since  the  compartment  of  the  intestine  in  which 
it  is  lodged,  and  the  special  caecum  of  the  other  lamelli- 
branchs  are  lined  with  better  developed  cilia  than  the  rest 
of  the  alimentary  canal.  The  theory  of  Barrois  f23)  that 
diatom  frustules,  &:c.,  are  encased  by  the  substance  of  the 
style  seems  hardly  sufficient  reason  for  the  development 
of  a  special  caecum  and  style,  when  there  is  no  such  organ 
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in  aseidians,  eehinoderniato  or  worms,  whioli  liave 
similar  food  matters. 

The  nature  of  the  style  is  decidedly  not  that  of  a 
reserve  food  material,  and  it  seems  difficult  to  comprehend 
why,  under  normal  conditions,  marine  lamellihranchs 
should  require  to  make  provision  for  times  of  starvation. 

Barrois,  who  rejects  the  theory  of  reserve  food 
material,  states  that  he  Avas  never  able  to  detect  a 
diminution  in  the  styles  at  various  seasons  nor  even  after 
keeping  specimens  of  Cardium  in  filtered  water  for  some 
days.  Both  Mitra's  experiments  and  my  own  confirm 
llazay  and  Haselotf  (24  and  25)  as  far  as  this  is  concerned, 
and  the  chief  objection  to  the  reserve  food  stuff  theorj" 
must  be  the  composition  of  the  style  itself.  The  position 
of  the  style  and  its  composition  tell  strongly  against  the 
Iheoiy  of  it  being  an  excretion.  When  the  animal  is 
kept  under  such  conditions  as  described  by  Mitra,  is  it 
absorbed  by  the  animal  or  simply  dissolved  away  by 
water  passing  through  the  alimentary  canal  ?  Possibly 
it  is  absorbed  and  the  ferment  used  for  converting  the 
glycogen  (which  is  stored  up  in  Utrge  quantities  in  most 
lamellibraiichsj  into  sugar. 

The  development  of  a  caecum  certainly  points  to  a 
storage  for  some  purpose.  There  is  no  doubt  that  in 
Pecten,  where  the  style  seems  to  occupy  the  whole  area 
of  the  intestine,  it  hinders  the  food  from  passing  too 
((uickly  through  the  alimentary  canal,  and  provides  an 
additional  surface  over  which  its  contained  amylolytic 
ferment  can  act.  It  must  be  remembered,  however,  that 
ilu'  presence  of  this  ferment  in  the  style  is  noi  conclusive 
proof  that  the  style  has  been  evolved  as  ;i  ferment  or 
method  for  storing  a  ferment. 

It  has  been  already  slated  that  the  last  portion  of 
tlie    intestine    jtasse^^    tlii'ongli    the    ])ei'icai  ilium    and    the 
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ventricle  of  the  heart.  Here,  as  in  many  other  lamelli- 
branehs,  we  must  assume  that  the  ventricle  has  grown 
up  around  the  alimentary  canal,  so  that  the  wall  of  the 
heart  lies  between  its  cavity  and  the  walls  of  the 
alimentary  canal.  Outside  the  usual  lining  epithelium 
there  is  a  basement  membrane  of  connective  tissue  with 
a  few  circular  muscle  fibres,  and  external  to  that  a  thick 
sheath  of  looser  connective  tissue.  The  epithelial  cells 
(fig.  44)  resemble  in  appearance  those  of  the  ascending- 
limb  of  the  intestine.  They  are  deep  columnar  cells,  the 
height  being  many  times  the  diameter,  and  the  cilia  are 
rather  poorly  developed.  The  ends  of  the  cells  facing  the 
cavity  have  a  strange  appearance,  as  if  either  a  part  or  tlie 
whole  cell  were  being  shed  into  the  lumen  of  the  intestine. 
These  shed  cells  seem  to  have  no  stainable  contents  and 
no  signs  of  nucleus,  and  when  cut  oft  completely  appear 
in  the  intestine  as  spherical  bodies  faintly  stained  but 
with  a  very  definite  wall.  Lying  scattered  amidst  the 
connective  tissue  surrounding  the  intestine,  especially  in 
that  part  passing  through  the  pericardium,  are 
conspicuous  wandering  cells,  pear-shaped,  with  most  of 
the  protoplasm  and  the  nucleus  at  the  narro\\-  end,  and  a. 
very  large  vacuole  taking  up  practical!}'  the  whole  of  the 
rest  of  the  cell.  There  is  generally  a  large  mass  of  dark 
yellowish  green  material  in  this  vacuole,  which  renders 
these  cells  very  obvious.  The  same  cells  are  found  in 
considerable  numbers,  and  carrying  the  same  pigmented 
contents,  in  the  connective  tissue  of  the  digestive  gland. 
It  is  impossible,  however,  to  say  whether  their  function 
is  excretory  or  nutritious,  and  whether  the  coloured 
contents  are  extruded  by  the  cells  lining  the  alimentary 
canal  or  not,  but  they  resemble  so  closely  those  of  the 
pericardial  gland  on  the  auricles,  which  are  excretory, 
that  they  are  presumably  tlio  same. 
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The  epithelial  cells  lining'  the  ascending  portion  of 
the  alimentary  canal  contain  numerous  o-ranules  like  food 
o'l'anules,  and  the  same  green  tint  is  present  here  also. 
It  would  seem  from  this  that  the  pigment  of  the  digestive 
gland  is  derived  directly  from  the  food  taken  into  the 
alimentary  canal. 

The  rectum,  after  passing  Ihrough  the  pericardium, 
continues  its  course  over  the  adductor  mvrscle  under  the 
connective  tissue  sheath.  It  does  not  run  in  the  median 
line,  hut  crosses  towards  the  left  side.  At  about  the  level 
where  the  circular  muscles  of  the  mantle  edge  are  inserted 
to  the  shell  the  rectum  leaves  the  adductor,  and  for  its 
last  centimetre  is  free.  The  anus  is  surrounded  by  a 
jjromineut  Lip. 

HLool)    SYSTEM. 

The  blood  system  which  has  been  woi-ked  out  in 
Pecten  maa'iimix  is  very  complete,  and.  like  the  vascular 
system  of  lamellibranchs  in  general,  is  entirely  closed,  so 
that  water  cannot  enter  the  circulation  directlv.  There 
is,  moreover,  no  communication  betAveen  the  heart  and 
tlie  ])C]'it'ardial  cavity,  and  this  does  not  couiaiii  blood. 
The  system  com])rises  true  vessels,  mainly  arteries,  which 
are  large  and  easily  followed  in  injections,  but  the  venous 
system  is  much  more  lacunary  in  character.  The  amount 
of  blood  is  considerable,  and  wlicn  the  ;idductor  muscle 
has  been  cut,  on  opening  the  shell  as  much  as  2'")  c.c.  of 
blood  have  been  obtained  from  one  s])ecimcn.  'i'hc  1)100(1 
is  a  colourless  fluid  sligjitly  thick-ci  Ihaii  water,  with  ;i 
strong  saline  taste.  As  is  general  foi  :i<|ua(ic 
invertebrates,  the  osmotic  concentration  ot  the  ])l()od  is 
])ractically  the  same  as  that  ot  the  sc;i  wjiici'  in  which 
the  specimen  has  been  living,  :iiid  snijili  changes  in  the 
concenliat  ion    of   the   outer    niedinni    ;ire    rollowed    hv    tiie 
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same  chang-es  in  the  lilood.  The  A  or  lowering  of  the 
freezing  point  for  some  examples  taken  at  Port  Erin  was 
;is  follows  fBeckmann's  Freezing  Point  apparatus  used): 

Sea  WMter  in  which  Pecten  were  living  A  —  1*91(J 
Blood  from  P.  inaxiyniis  -         -       A  —  r910 

-       A  — 1-905 
„  „  ..  -         -       A  —  1-920 

Au  oyster  or  cockle  placed  in  fresh  water  might  live 
for  some  time  without  any  change  taking  place  in  the 
osmotic  concentration  of  the  blood.  This,  however,  is 
simply  due  to  the  animal  closing  the  shell  valves  and 
completely  shutting  o\it  the  external  medium  from  any 
contact  with  the  body.  In  Pecten,  on  the  contrary,  as 
iilready  pointed  out.  the  two  shell  valves  do  not  close 
perfectly,  and,  moreover,  the  animal  persists  in  clapping 
the  valves,  so  that  a  change  in  the  outer  fluid  is  followed 
by  a  change  in  the  blood  and  immersion  in  fresh  water 
proves  fatal.  The  electrical  conductivity  is  slightly  less 
than  that  of  sea  water.  If  the  blood  is  allowed  to  stand, 
after  being  drawn,  the  mass  does  not  become  jelly-like 
by  coagulation  as  does  crustacean  blood,  but  a  white 
precipitate  forms,  often  in  one  large  mass.  The  process 
can  be  watched  under  the  microscope,  and  the  precipitate 
will  be  seen  to  consist  wholly  of  leucocytes  which  have 
collected  together  and  left  the  fluid  portion  of  the  blood 
practically  free  from  them.  The  leucocytes  are  amoeboid 
corpuscles  which  have  fine  bristle-like  pseudopodia,  often 
branched  and  by  means  of  which  they  can  move  slowly 
(tig.  7,  L.}.  Sometimes  these  narrow  bristle-like  pseudo- 
podia prove  to  be  the  edge-view  of  flattened  lamellae. 
When  the  blood  is  exposed  to  the  air,  the  corpuscles 
collect  together,  becoming  entangled  by  the  pseudo])odia, 
;iud   in   this  way   r/»///yyx  are  formed   ( hg.    7,   L.cL).      The 
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boundaries  of  tliose  near  the  niarg'ins  ran  be  traced,  but 
in  the  centre  of  a  large  chmi])  all  trace  of  a  cell  outline 
seems  to  have  disappeared  and  a  plasmodinni  is  formed. 
This  probably  has  the  same  function  as  the  clotting  in 
crustacean  and  mammalian  blood,  but  differs  in  that 
there  is  no  development  of  fibrin  in  the  blood  plasma 
which  remains  fluid  on  standing  in  the  air,  or  even  on 
heating.  The  same  feature  appears  to  be  present  in  the 
('f)elomic  fluid  of  some  other  invertebrates  (16j. 

The  blood  as  a  whole  appears  to  contain  very  littU' 
nutritive  matter.  In  stained  sections  the  leucocytes  in 
the  organs  are  round  or  oval,  with  retracted  pseudopodia, 
and  a  prominent  nucleus  containing  smaller  dark  bodies. 

The  central  organ  of  circulation,  the  heart,  is 
situated  on  the  dorsal  posterior  side  of  the  large  adductoi- 
muscle,  posterior  to  the  digestive  gland,  against  which  it 
lies.  It  is  contained  in  a  pericardial  cavity  (fig.  1,  l\r.). 
which  is  bounded  above  by  a  fibrous  roof  connecting  the 
two  mantle  lobes,  while  anteriorly  it  is  prolonged,  forming- 
two  deep  pouches  which  extend  above  the  adductoi'  muscle 
and  between  it  and  the  digestive  gland. 

The  pericardium  is  the  representative  of  the  coelom, 
and  communicates  with  the  exterior  by  a  ])air  of  excretory 
organs,  which  are  coelomoducts.  L'he  pericardium  is 
lined  by  a  thin  endothelium  formed  of  flat  cells. 

The  heart  consists  of  a  vcnti'iclc  an<l  two  auri(des 
(tig.  I-!.  \'(ii.  and  Anr.].  'J'he  ventricle  is  a  large  spongy 
sac,  the  cavity  being  cut  u])  and  redticed  in  size  by 
numerous  muscle  fibres  which  cross  in  all  directions. 
When  contracted  the  size  is  very  small.  I'lie  shape  is 
I'oughlv  tliat  of  two  triangles,  with  tjieir  bases  apposed, 
except  posterif)rly.  and  with  (lit*  apices,  which  ai'e 
rounded,  opening  into  the  auricles.  The  venlricle  has 
grow  11    lip    round     the    rcctiini    and    riudoses    it    (fig.    V-'t, 
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Al.  c.  -5,  aud  fig.  43).  as  in  the  majority  of  lamellibranchs. 
The  wall  of  the  ventricle  is  composed  of  a  layer  of 
epithelial  cells  on  the  outer  side,  resting  on  a  delicate 
basement  membrane  of  connective  tissiie.  Internal  to, 
and  lying  against  this  latter,  are  the  muscles,  Avhich  run 
across  the  ventricle  in  all  directions,  imbedded  in  a 
granular  matrix  which  sheathes  the  bundles  of  fibres. 
There  appears  to  be  no  striation  on  these  fibres. 

The  Auricles  are  two  large  chambers,  one  on  each 
side  of  the  ventricle,  and  having  a  brown  tint.  Their 
shape  is  roughly  conical,  the  base  being  uppermost  and 
communicating  on  each  side  with  the  ventricle,  and 
opening  by  their  narrower  ends  into  the  vein  bringing 
blood  from  the  gills  and  mantle  to  the  heart.  In  Anodon 
and  many  other  lamellibranchs  the  triangular  auricles 
communicate  with  the  efferent  branchial  vessel  by  the 
whole  length  of  the  base,  and  the  narrow  end  opens  into 
the  ventricle.  The  position  in  Pecten  may  indicate  the 
primitive  molluscan  arrangement,  with  posterior  ctenidia. 

The  walls  of  the  auricles  are  not  smooth  like  those  of 
the  ventricle,  but  are  raised  all  over  into  papillae, 
representing  depressions  of  the  inner  surface  (fig.  13). 
This  peculiar  papillated  appearance  is  best  seen  when  the 
auricle  is  distended  by  blood  or  injection,  and  is  no  doubt 
a  device  for  increasing  the  area  of  the  auricular  walls 
for  the  purpose  of  excretion  by  means  of  the  pericardial 
gland.  This  is  confined  to  the  surface  of  the  auricles  in 
Pecten,  and  gives  the  brown  colour.  It  will  be  described 
later  with  the  other  excretory  organs. 

The  auriculo -ventricular  openings  are  guarded  by  a 
series  of  circular  fibres  which  function  as  valves 
and  prevent  the  blood  being  forced  back  into  the 
auricles.  The  auricles  are  also  connected  with  each 
other    bv    a    broad    transverse    branch    venirally    resting 
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upon  the  floor  of  the  pericardium  (fig-.  !'>,  ^4?/?*.  C).  The 
heart  beat  is  slow,  an  averajre  of  about  twenty-five  to 
thirty  contractions  per  minute.  It  is  necessary  to  inject 
tlie  blood  system  to  follow  its  course,  and  owing-  to  the 
fact  that  the  digestive  gland  is  of  a  very  dark  colour, 
whilst  the  visceral  mass  is,  on  the  other  hand,  of  a  light 
tint,  injections  must  be  made  with  both  light  and  dark 
colours,  in  order  to  determine  the  course  of  the  blood 
vessels  in  all  parts  of  the  body. 

A  great  part  of  the  vascular  system  can  be  made  otil 
by  using  an  injection  mass  formed  of  a  mixture  of  lard, 
linseed  oil.  and  yellow  oil  paint  (chrome  yellow,  as  sold 
in  collapsible  tubes,  will  do  very  well),  in  such  a 
consistency  that  it  will  run  fairly  easy  dx  little  less 
viscous  than  glycerine).  Care  must  be  taken  not  to  have 
any  solid  particles  left  in  the  coloured  mass.  It  is 
necessaiy  to  i)i-c]>are  the  specimens,  for  it  is  useless 
attempting  lo  inject  the  living  animal  since  the 
contraction  of  the  muscles  closes  up  the  vessels.  The 
necessar}^  state  of  muscular  relaxation  can  be  produced  by 
1 1  lacing  the  animals  in  a  bucket  of  sea  water  and  adding 
slowly,  at  intervals,  to  the  surface  some  of  the  following 
mixture  :  -  100  c.c  To  })er  cent .  alcohol ,  100  c.c.  glycerine, 
and  200  c.c.  sea  water.  In  ahout  eighteen  to  twenty-tour 
hotirs,  the  s])ecimens  were  narcotised  and  could  be 
transferred  to  foi'malin  fo  jxm-  cent,  solution  i  toi  al»ou( 
halt  an  hour  wiihoui  f'uithci  c(Uil  lact  ion  :  they  wei'e  then 
ready  foi'  injection.  For  the  arterial  system,  the  best 
point  of  attack  w;is  found  to  1)e  the  eft'ereni  branchial 
vessel  (tig.  1(1.  ///■.  '//•).  in  the  ctcnidial  axis,  with  Ihe 
point  of  the'  s\ringc  (litcclcd  lowjirds  the  hcait.  This 
will  inject  the  anterior  ;ind  |)ostcii(ir  aortac.  ihc  addiu-toi 
artorv.  and  in  tact  the  whole  nt  the  ;iileiiiil  svsteni, 
together  with  ilic  mantle  oi   p;ilhal  vein. 
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In  order  t(t  inject  the  venous  system  tlie  syringe  can 
be  put  into  the  att'erent  branchinl  vessel  (fig.  16.  Br.  nff). 
Care  must  be  taken  that  the  tissue  separating  the  two 
branchial  vessels  is  not  perforated.  Further,  when 
injecting  the  veno\is  system,  the  valves  must  not  be 
removed,  but  the  convex  valve  shoidd  be  broken  away 
carefully,  piece  by  piece.  Avith  bone  forceps,  right  up  to 
the  attachment  of  the  adductor  muscle  to  the  shell.  The 
muscle  must  not  be  separated  from  the  valves,  for  a  large 
sinus  will  be  otherwise  broken  into.  If  the  oil  mixture 
is  used  for  both  these  injections  the  course  of  many  of 
the  main  vessels  can  be  followed,  but  it  is  not  permanent 
and  will  not  allow  of  the  dissection  of  arteries  and  veins 
in  the  visceral  mass  and  other  deep-lying  parts  of  the 
body.  For  this  latter '  purpose,  ordiuar}'  table  jelly 
coloured  with  carmine,  and  melted  with  just  a  little 
water,  proved  quite  satisfactory.  It  is  necessary,  previous 
to  injecting  with  the  hot  jelly,  to  place  the  specimen  in 
warm  water  for  about  half  an  hour. 

Akterial  System  (tig.  14). 

The  blood  leaves  the  ventricle  by  two  main  vessels, 
the  anterior  and  posterior  aortae. 

The  Anterior  Aorta  (figs.  14  and  19,  Ao.  xnt.)  is  a 
large  artery  which  arises  from  the  ventricle  at  the  middle 
of  its  dorso-anterior  edge  above  the  alimentary  canal,  and 
passes  forwards  directlv  over  the  latler  to  the  dip-estive 
gland.  There  is  an  aortic  dilation  just  after  leaving  the 
ventricle,  iaside  the  pericardium,  and  this  can  be  seen  to 
expand  after  each  contraction  of  the  ventricle. 

On  reaching  the  posterior  end  of  the  digestive  gland 
the  aorta  passes  dorsally  along  its  middle  line,  giving  off 
a  small  vessel  on  each  side  (figs.  14  and  19,  a.)  which  pass 
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f)ver  tlie  surface  of  the  g-laiid  along'  its  posterior  lateral 
margins,  providing-  numerous  branches,  and  eventually 
plunging-  heh)\v  the  surface  into  the  substance  of  the 
gland.  Other  small  branches  are  given  oft',  on  each  side, 
from  the  aorta,  and  pass  through  the  gland  to  supply  the 
stomach. 

Approaching  the  pit  wherein  the  ligament  rests,  the 
aorta  curves  to  the  right  of  the  median  line  so  as  to  bend 
round  the  pit,  and  on  reaching  its  anterior  edge  plunges 
down  into  the  midst  of  the  digestive  gland,  bending 
slightly  to  the  right,  so  as  to  pass  the  oesophagus  on  that 
side.  It  gives  oft  two  vessels,  which  arise  close  together 
on  the  left  side.  Both  of  these  leave  the  gland  and  pass 
into  the  nutntle,  one  ctirving  back  to  supply  the  region  of 
the  ligamental  pit;  whilst  the  other,  the  anterior  pallia! 
artery  (ftg.  14,  .4.  /i.<i.},  which  is  largei-,  passes  forwards 
to  the  anterior  dorsal  corner  of  the  mantle,  where  it 
bifurcates  to  form  the  ciicumpallial  arteries  running 
round  tlie  luargin  of  the  mantle  lobes.  It  also  gives  oft 
smaller  vessels  before  dividing,  whicli  supply  this  area  of 
ihe  mantle  on  both  sides. 

14ie  main  branch  of  the  aorta  passes,  as  we  have  seen, 
into  tlie  midst  of  the  digestive  gland  (fig.  14),  and  gives 
off  very  (dose  lo  llic  two  vessels  above  describiMJ  a  small 
branch  which,  ])assing  ihiough  the  gland,  reaches  the 
surface  again  on  the  left  side  and  passes  into  the  mantle. 
'J'his  will  be  easily  seen  (in  injections  with  lard)  on  the 
left  side  of  the  gland. 

At  alxnit  the  lev(d  of  the  upper  li[),  a  siuall  ves.sel  is 
given  oft',  passes  to  the  anterioi-  surface,  and  breaks 
up  to  supply  the  external  labial  })alps  and  the  upper  lip 
(fig.  17,  .1.  /. ).  I  he  capillaiies,  oi-  very  small  vessels,  can 
be  followed  otit  on  tlu'  |»al|)s  if  I  he  injection  is  successfully 
carried  out. 
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The  main  braucli  contiuues  downward,  still  situated 
slightly  neai'er  the  ii(?ht  side  of  the  animal,  to  enter  the 
visceral  mass,  and  branches  are  given  off  to  the  digestive 
oflaud.  On  the  rigrht  side  of  the  aorta  a  vessel  arises  which 
reaches  the  surface  in  the  median  line  above  the  base  of 
the  foot,  along  the  upper  side  of  which  it  passes  just 
beneath  the  epidermis,  to  supply  the  foot  Avith  blood 
(fig.  IT,  A.  p.).  This  vessel  gives  oif  branches  to  the 
lower  lip  and  inner  palps,  as  indicated  in  the  figure. 

Returning  to  the  main  branch,  this  is  continued  by  a 
smaller  vessel  which  lies  on  the  right  side  of  the 
alimentary  canal,  and  follows  it  in  its  course  throusrh  the 
visceral  mass,  giving  off  small  vessels  to  the  ascending 
loop  of  the  intestine  and  to  the  reproductive  organs. 
There  is  another  vessel  of  almost  the  same  size  which 
arises  from  the  above,  at  about  the  level  of  the  foot,  and 
passing  deeper  into  the  visceral  mass,  bifurcates  into  two 
branches  which  pass  along  the  left  side  of  the  descending 
loop  of  the  intestine  (tig.  14,  A.  v.). 

The  Posterior  Aorta  (tig.  14,  Ao.  p.)  is  a  large  vessel 
which  leaves  the  ventricle  below  the  intestine  and  on  its 
right  side.  It  runs  for  a  short  distance  along  the  right 
ventro-lateral  side  of  the  rectum,  and  then  gives  rise  to 
three  vessels,  the  Bectal  Artery  (fig.  14,  .4.  r.),  which  runs 
alongside  the  rectum,  supplying  it  to  the  end,  and  two 
much  larger  vessels.  One  is  the  Posterior  Pallial  Arterv 
(fig.  14,  A.  p.  p.),  the  most  important  artery  to  the 
mantle,  which  turns  upwards  at  an  acute  angle  and  runs 
in  the  roof  of  the  pericardium  towards  the  hinge  line;  it 
then  passes  to  the  posterior  angle  of  the  hinge  and 
bifurcates,  forming  right  and  left  Circumpallial  ftig.  14, 
A.  c.)  arteries,  which  pass  round  the  extreme  margin  of 
the  mantle  lobes  and  communicate  eventually  with  the 
much  smaller  anterior  pallial  arteries. 
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The  other  larg-e  vessel  ;irisiii<i-  f'Tom  the  postetior  aorta 
is  the  Adductor  Aitery  (tio-.  14,  A.  add.).  This  leaves  the 
aorta  at  a  rio-ht  anp-je,  and  plunges  into  the  adductor 
muscle  iinmcdiately  in  front  of  the  deep  cleft  dividinrj  Ihc 
stri])cd  muscle  from  th(>  unstriped.  On  entering'  the 
muscle,  small  vessels  are  g'i\(Mi  olT  from  its  ])osterior  side, 
■which  pass  out  of  the  main  Innidle  of  striped  muscle  and. 
crossino-  the  cleft,  (uiter  ami  supply  the  unstriped  portion. 
The  main  artery,  however,  passes  down  towards  the  middle 
of  the  adductor,  where  it  divides,  sending  branches  in  all 
directions.  The  figure  shows  the  course  taken  in  one  of 
the  specimens  where  ilu>  injection  mass  went  very 
successfully,  hut  prohahly  here,  as  in  other  places,  there 
us  great  variation  in  the  snu^Uer  branches. 

The  Yknots  System  (hg.  IS)  consists  largely  of 
sinuses,  and  contrasts  thereby  with  the  hue  arterial 
vessels.  There  are  three  main  sinuses  situated  between 
the  adductor  muscle  and  its  connective  tiss\ie  sh(\ilh, 
which  account  for  the  huge  outflow  of  blood  when  the 
muscle  is  cut  from  a  valve. 

A  lai-ge  Dorsal  Sinus  (fig.  IS.  S.  J).)  is  situated  under 
the  |)cricai'dium  and  digestive  gland:  anteriorly.  Ilii- 
conimunicates  on  both  sides  with  the  renal  org-ans.  (  »n 
llie  v(Uiti;il  vidr  fil  the  ;nlducl(ir.  there  are  two  sinuses, 
wliicli  extend  Ironi  llie  (deft  dividing  the  striped  and 
inisti'ipi'd  p(Ulii)n>  (d  tlie  muside  up  to  the  renal  oi-ga]is. 
They  are  continued  undei  these  and  the  visceral  mass,  and 
cnmmunicate  with  luie  anolhef.  The  main  opening  id 
these  siuu.ses  lo  the  leiuil  organ  i^  at  the  dorsal  end.  and 
l)y  slitting  u])  the  outer  surface,  the  renal  veins  nun  he 
-een  l)ranching  and  becoming  nun  h  smaller  as  ilie\  pas- 
Ifom  the  |)eri(a  rd  ia  I  end  IdwaiiU  the  icno-gen  ila  I  opening 
fHg.    I'J.   //o.  /■.). 

A    large    lle]iatic  vidn    (  lig.    IS,    I'./i.)   on    eruh   side  of 
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the  digestive  gland,  lying  immediateh'  under  the 
epithelium,  passes  ventrally  and  slightly  forwards  to  the 
anterior  end  of  the  renal  organ,  where  it  enters  the  dorsal 
sinus.  Branches  join  it  from  the  digestive  gland  and 
stomach. 

A  sinus-like  plexus  of  vessels  between  the  muscle  and 
the  visceral  mass  passes  blood  from  the  gonads  and 
intestine  to  the  sinuses  communicating  with  the  renal 
organs.  The  blood  from  the  adductor  passes  along  ill- 
defined  paths  in  that  muscle  to  enter  tliese  sinuses,  thus 
completing  the  circuit. 

The  greater  part  of  the  blood  from  the  visceral  mass 
and  alimentary  canal  passes  by  very  conspicuoiis  veins  on 
the  surface  of  tlie  gonads  (fig.  18,  T.  c.)  to  the  sides  of  the 
renal  organ,  where  they  communicate  with  the  numerous 
small  vessels  of  the  latter. 

Thus  all  tlie  blood  is  Ijroufjht  to  the  renal  orijans.  with 
the  exception  of  that  which  proceeds  by  the  pallial  aileries 
to  the  mantle.     This  will  be  considered  later. 

The  blood  returning  to  the  heart  leaves  the  renal 
organ  l)y  a  series  of  fine  vessels  in  the  outer  wall  which 
open  into  a  wide  passage,  the  entrance  to  the  afferent 
branchial  vessel  (fig.  Iti,  Ih-.aff.).  This  soon  contracts  in 
size,  and  the  vessel  runs  along  the  ctenidial  axis  proximal 
to  the  accom])anying  efferent  vessel.  It  communicates 
with  a  vessel  or  cavity  on  each  of  the  respiratory 
expansions  of  the  })rincipal  filaments,  but  no  connections 
with  any  of  the  other  gill  filaments  can  be  seen. 

The  blood  is  brought  frr)m  the  gills,  after  aeration, 
to  the  heart,  by  means  of  the  efferent  branchial  vessels, 
which,  coming  from  the  ctenidial  axes.  pas<  between  the 
digestive  gland  ajid  the  addnctoi-.  and  open  into  the 
narrow  ends  of  the  auricles,  after  receiving,  at  about  the 
level  of  the  dorsal  exiiemity  of  the  glandnlai'  part  (;f  the 
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renal  orL,'aii,  the  i)allial  vein  (tip;.  11,  T.  pall.),  wliicli  brings 
back  to  the  lieart.  directly,  the  1)1()0(1  from  the  mantle  lobes. 
The  mantle  lobes  have  an  extremely  larg-e  system  of 
vessels  (tig.  11),  which  are  nsually  injected  along-  with 
the  arterial  system.  Tlie  Pallial  Vein  can  be  hrst  traced 
at  a  point  just  within  the  circle  of  attachment  of  the 
pallial  muscles,  posteriorly  (fig.  11).  From  this  ])oint  it 
proceeds  anteriorly,  gradually  approaching  the  adductor 
muscle  on  its  way,  until  finally  it  reaidies  and  opens  into 
the  efferent  branchial  vessels.  On  both  sides,  but 
principally  on  the  ventral,  it  gives  otf  a  series  of  branches 
which  divide  and  I'e-divide,  ramifying  in  the  thiclvuess  of 
the  mantle  and  forming  a  comiilete  netwoik  which  abuts 
on  the  circle  of  pallial  muscles,  and  is  connected  by  a 
series  of  fine  passages  belAveen  these  to  the  circum])allial 
arteries  (fig.  11,  ^4.  c.)  already  described.  The  mantle 
lobes  are  thin,  and  comparatively  little  metabolism  goes 
on  there,  especially  when  one  considers  the  great  area  of 
blood  spaces,  and  it  must  be  assumed  that  the  mantle 
lobes  play  the  most  important  pai't  in  the  r(>s])irati()n  of 
the  animal.  "^riie  blood  fioni  the  mantle  reacdies  the 
lu'art  without  having  passcil  through  the  renal  oi'gan,  so 
thai  tlie  heart  ciuitains  mixed  blood — com])letely  aerated 
blood  fnuu  the  mantle,  and  ])idl)ably  mcom|)le((dy 
acr;ite<l  l)loo(l  lioin  I  lie  gills.  This  mixed  blood  M'ill  pass 
both  to  the  jjallial  i-espii'alory  suid'ace  and  to  the  liody 
generally,  from  whence  it  is  collected  and  talcen  to  the 
ren:i1  orgaiiN.   iIkmi   to  the  gills,  and  so  back   io  the  heart. 

NERYOrs     SYSTKM. 

I'he  iicivous  syslein  of  Tecieu  is  of  the  typical 
Lamell  ibrandi  type.  The  usual  lliiee  ])airs  of  ganglia — 
cei('l)ral,  pedal  aud  visc(>ral  aic^  jireseni,  Ihough  much 
modihed   in   shape   and   position,     J.n   addition   to  these, 
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tliere  are  collections  of  nerve  cells  along  certain  neives, 
in  particular  the  circiimpallial  nerve  (fig.  2G,  X.  c), 
which  renders  the  latter  almost  a  fcmrth  ganglion,  hoth 
structural!}'  and  functionally. 

(,'erebral  ganglia. — The  ])air  of  ganglia  kninxn  as  the 
cerebral,  or  better — the  cerebro-pleural,  representing  the 
fused  cerebral  and  pleural  ganglia  occurring  in  Xucula 
and  Solenoniya,  are  found  best  by  pulling  the  lower  lip 
dorsally  and  moving  the  labial  palps  aside,  so  as  to  lay 
bare  the  area  between  the  lower  lip  and  the  foot.  The 
ganglia  will  then  be  seen  faintly  through  the  overlying 
tissue,  which  must  be  removed  carefully  or  they  will  be 
pulled  away  with  it.  They  are  situated  a  considerable 
distance  below  the  mouth  and  oesophagus,  and  very  close 
to  the  pedal  ganglia.  J'^ach  ganglion  (fig.  27.  G.  cb.) 
shows  indications  of  being  bilobed,  and  this  is  further 
borne  out  by  sections  which  show  a  distinct,  though  not  a 
deep,  division  into  two  lobes.  From  the  upper  corner 
arises  the  cerebral  commissure  (hgs.  2G  and  27,  Com.). 
This  connects  the  two  ganglia  and  passes  dorsally  over 
the  oesophagus,  but  owing  to  the  position  of  the  cerebro- 
pedal  ganglia  it  is  a  larger  loop  than  is  usually  the  case. 
From  the  outer  sides  of  the  ganglia,  just  below  the 
depression  dividing  them,  arise  the  anterior  pallial  nerves 
(figs.  27  and  26,  X.  i^a.),  and  a  smaller  nerve  which  gives 
branches  to  the  labial  palps  (hg.  27,  X.  I.). 

The  Anterior  Pallial  Xerve  lies  close  to  tlie  cerebral 
commissure,  and  passes  M'ith  it  io  the  side  of  the 
oesophagus,  embedded  m  the  digestive  gland.  It  rises  to 
the  surface  and  enters  the  mantle  just  dorsal  to  the  upper 
lip  where  this  joins  the  outer  labial  palp  on  each  side, 
then,  dividing  into  two  branches,  it  passes  to  tlie  margin 
of  the  mantle  and  joins  tlie  circumpallial  nerve  (fig.' 26, 
N.  €.)  by  several  branches. 
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"From  the  inner  sides  of  the  cerebro-pleural  ganglia 
two  delioate  nerves  (fig.  "JT,  X.  of.)  aiise  whicli  ])ass  deeper 
into  the  tissue  and  inneivate  t\\(i  small  bodit's,  -which  have 
a  white  ap])earaii(e  in  dis:-ecti(ins. 

These  are  the  otooysts  (fig.  'JT.  (>1.),  and  the  ( Ifocystie 
nerves  in  Peeten  can  lluis  he  traced  directly  from  the 
Cerebro-pleural  ganglia.  The  lower  ends  of  tlie  eerebro- 
pleural  ganglia  gradually  pass  into  the  cerebro-viseeral 
connectives  (fig.  2G,  Con.  cv.). 

The  Ccrebro-pedal  Connectives  are  very  shoii  nerves 
(fig.  27,  Con.  rp.),  Avhich  arise  about  the  middle  of  the 
inner  sides  of  the  cercbio-plcuial  ganglia  and  run  towaids 
(»a(di  other  and  slightly  towards  the  surface.  They  eaidi 
bear  a  ganglionic  swelling  just  before  airiving  at  the 
pedal  ganglia. 

The  Pedal  (iangliu  [G.  p.)  lie  closely  apposed  to 
one  another,  so  thai  the  pedal  commissure  is  so  short  that 
it  is  barely  distinguishable.  These  ganglia  are  situated 
outside  the  foot,  and  are  the  nearest  to  tlie  surface,  so  that 
])robably  they  will  be  the  first  seen  when  looking  for  the 
cerebro-pleural.  Both  I  he  cerebral  and  the  pedal  ganglia 
are  pigmented  yelhiw.  and  ])oth  have  a  similar  structure, 
viz.,  a  cortex  ot  ganglion  cells  with  j)rocesses  passing  into 
a  core,  made  up  of  nerve  fibres. 

From  the  pedal  ganglia,  two  pedal  nerves  (fig.  27, 
X.  j>.)  pass  directly  into  the  fool,  where  they  break  up 
into  numerous  small   branches,  supplying  the  muscles. 

The  ^  isceial  oi-  [*arieto-splanchnic  ganglia  are 
completely  fused  in  J'ecten  to  form  one  large  and  com- 
j)licated  mass  (tigs.  2(1,  2S,  (t'.s/,.).  It  is  tlu^  largest 
gangliiui  and  gives  lise  to  nmsl  oj  the  nei-ves,  and  this  can 
be  accounted  fcu'  liy  the  lad  thai,  compaicd  with  other 
Lamellibranch^.  il  i>;  the  pd^^leiiiM'  re^'ion  ot  the  body  that 
is  m(»st  developed  in  I'eden,  the  anleiinr  with  the  antej'ior 
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adduelor  liavin<j:  boiMi  suppressed  and  the  foot  icduced. 
Eurtliermoie,  the  mantle,  with  its  important  musck's  and 
seuse  organs,  is  innervated  ehieHy  by  the  vis(;eral  <^ang'lia. 

The  fused  o-auo-lia  lie  on  the  ventral  surface  of  the 
adductor  muscle,  imbedded  in  a  mass  of  connective  tissue, 
and  can  be  generally  seen  without  any  dissection  (by 
reason  of  their  yellowish  bro\Mi  c()h)ui ),  ou  the  right  side 
about  O'o  cm.  from  the  last  point  of  attachment  of 
the  visceral  mass;  that  is,  slightly  postero-ventral  to  the 
opening  of  the  right  renal  organ. 

Its  shape  is  very  striking  indeed  (see  lig.  ^Sj.  There 
is  a  large  central  lobe,  which  is  divided  anteriorly  by  a 
transverse  division  into  a  liglit  yeUow  posterior  part,  and 
an  anterior  portion  which  is  more  deeply  pigmented 
yelloAv.  This  anterior  darker  part  is  sub-divided  into  two 
lobes.  Laterally,  the  central  lobe  is  connected  by  a 
depressed  region  with  two  crescent-sha})e(l  expansions  or 
lateral  lobes,  practically  without  pigment.  Thus  there  is  a 
post-central  lobe  (tig.  "^8,  <'r.  t. /.)  unpigmented  except 
in  its  anterior  margin;  two  anterior  lobes  darkly  pig- 
mented (6r.  ant.);  and  two  lateral  lobes — uiipigmented 
{G.  Int.). 

These  compound  ganglia  are  conincled  with  the 
cerebro-pleural  ganglia  by  the  cercbro-visceral  connec- 
tives (fig.  28,  Con.  c.  v.).  These  arise,  as  we  have  already 
seen,  from  the  lower  end  of  the  cerebro-pleural,  and  at 
once  take  a  course  slightly  inward  and  away  from  each 
other.  That  on  the  left  side  passes  to  the  left  of  the 
rudimentary  retractor  muscle  of  the  foot,  and  then  lies 
along  the  base  of  the  visceral  mass  at  its  sides,  between  it 
and  the  renal  organs  and  closely  apposed  to  the  adductor 
muscle  along  the  greater  part  of  its  course.  The  two 
connectives  ou  reaching  the  visceral  ganglion  enter  it  just 
outside  the  anterior  pigmented  lobes,  viz.,  by  the  anterior 
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euds  of  the  lateral  lobes.  'J'lie  ii<^lil  visceral  conueetive 
eomes  iu  rather  at  an  auo-le,  the  left  being  nearer  the 
median  line. 

Lying  almost  above  the  right  eonneetive,  a  little 
before  it  reaches  the  ganglion,  and  on  the  other  side,  a 
little  to  the  left  of  the  connective,  are  small  pigmented 
bodies  (6r.  osp.),  which  sections  show  to  be  ganglia  made 
lip  of  a  cortex  of  ganglion  cells  with  long  processes  passing 
into  the  centre,  and  with  the  outer  ends  drawn  out  into 
several  line  hbres.  From  tiiese  osphrailial  ganglia,  nerves 
pass  up  through  the  connective  tissue  to  the  epithelium 
directly  above.  Here  they  become  connected  with 
numerous  sense  cells,  forming  the  ( )sphrailium. 

The  nerves  connecting  these  osphradial  ganglia  with 
the  visceral,  pass  into  the  cerebro-visceral  connectives  and 
enter  the  ganglion  witii  these  nerves. 

Two  co]isj)icuou.>  nerves  arise  from  the  visceral 
ganglion  close  to  the  entrance  of  the  (,'eiebro-visceral 
connectives,  but  slightly  posterior  to  these.  'They  arise, 
also,  at  a  slightly  Fiighei-  level  llian  most  ol  the  nerves 
which  pass  to  llie  mantle.  Tlle^ea^e  tlu^  biancliial  nerves 
(hg,  28,  X.hi.y.  they  pas>  ont  alnidst  al  right  angles  to 
the  cerebro-visci'ial  connectives,  and  just  p.issing  below 
the  extremity  ol'  llie  rouil  (iigans,  lake  u[)  a  [xisilmn  along 
the  outer  maigiiis  oj  llie  laller,  where  ihcy  are  easily  seen, 
being  jalhei  near  I  he  suira(('.  This  couise  is  followed 
unlil  the  expanded  end  (it  llie  al'leiiMit  branchial  vessel  is 
I'eaehed.  when  Ihe  neive<  Ixuiil  loiind  and  lUiter  the 
eleiiiilial  a.\i>,  along  whicii  they  pass,  gradually  becoming 
more  altenuated  until  the  end  of  the  lamellae  is  leacdieii. 
The  u(;rve  lies  alongside  and  alxive  the  aifereiit  branchial 
vessel  along  its  whole  length  (lig.  to,  X .  br.),  sometimes 
nearer  one  side  of  the  ctenidial  axis  than  the  other. 

This  nei've  is  w(dl  su})plie(l  with  ganglion  cells,  which 
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lie  chiefly  on  tlie  side  nearer  the  <>ill  tilameuts.  The 
branchial  nerve  gives  oli  laterally,  from  its  ventral 
surface,  small  nerves,  at  frequent  intervals  along  its 
■\vliole  length.  These  pass  towards  the  base  of  the  gill 
iilaments  at  the  sides  of  the  atferent  branchial  vessel,  until 
the  tAvo  longitudinal  ctenidial  muscles  are  reached.  They 
are  continued  between  the  muscles  and  the  epidermis  to  a 
point  about  level  with  the  middle  of  the  muscle  bundles, 
where  they  bear  a  considerable  number  of  ganglion  cells. 
From  the  ganglia  thus  formed,  nerves  arise,  which  extend 
in  almost  a  continuous  sheet  to  the  bases  of  the  filaments, 
down  each  of  which  a  delicate  branch  })asse-^.  Tlius,  the 
gills  have  a  very  thorough  nerve  innervation,  and  are 
probably  very  sensitive,  though  specially  differentiated 
sense  cells  have  not  been  seen. 

The  Pallia!  System  is  supplied  chiefly  by  the  visceral 
ganglia.  It  is  the  most  extensive  in  the  body,  and  this  is 
to  be  expected  considering  the  array  of  sense  organs  with 
which  the  mantle  is  supplied,  together  with  its  important 
musctilar  system.  It  consists  of  a  large  nerve  which  runs 
parallel  with  the  mantle  edge,  just  interior  to  the  pallial 
artery.  This,  the  circumpallial  nerve  (fig.  2G,  A\  c.)  is 
physiologically  a  ganglion.  It  is  well  supplied  with 
ganglion  cells,  and  is  thickest  in  the  middle  of  its  course. 
Anteriorly  and  posteriorly  the  nerves  become  very  fine, 
and  eventually  reaching  the  hinge  line  the  nerves  of  both 
valves  become  continuous,  so  that  the  circumpallial  nerve 
is  one  continuous  cord,  which  is  much  attenuated  in  two 
places  at  the  hinge  line,  anterior  and  posterior,  respec- 
tively. From  the  circumpallial  nerve  branches  arise  to 
innervate  the  eyes  and  tentacles  (fig.  4,  jy.c);  the  optic 
nerves  will  be  described  in  the  chapter  on  the  eye.  Each 
of  the  long  extensible  outer  tentacles  is  supplied  with  a 
nerve  which  runs  up  to  the  centre  and  gives  branches  to 
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the  sense  cells.  The  pallial  iiiu>(lcs  arc  also  iinicrvatcil 
by  bianclies  from  the  circumpallial  nerve.  The  circiuu- 
pallial  nerve  is  connected  with  hoth  the  cerehro-pleural 
and  visceral  "•anj^-lia:  willi  llie  loinicr  by  the  anterior 
[lallial   nerves  (X.  //a.)  alii'ady  described  (tio-s.   l(i  and  18, 

A.    /Ml//.  I. 

The  j)allial  nerves  from  tiie  visccial  <;an<i'lion  do  not 
pursue  a  similar  course  on  the  ]i<;ht  and  left  sides  of  the 
body.  On  I  lie  ri<i'lit,  that  is.  tlic  side  on  which  the  <ifill  is 
attaclied  to  the  mantle,  the  pallial  nerves  pass  out  as  a 
larf^e  trunk  very  close  to  the  branchial  nerve,  and  run 
alongside  this  until  the  jxiint  is  reached  where  the 
branchial  nerve  enters  the  jj^ill  lamellae. 

Here  they  enter  the  mantle,  and  at  once  divide  into 
})iaiiches  which  ladiate  out  to  the  circumpallial  nerve 
(Hg.  •!,  \./Hi//.).  The  main  branch,  iiowever,  passes 
along  in  the  mantle,  after  bending  sharply,  exactly  in  the 
line  of  attachment  of  tlie  basal  gill  lamellae,  and  from 
this  tiic  various  l)ianches  arise. 

()n  the  left  side  ihc  dist  ri])ul  ion  is  somewhat  different. 
'J'hc  j)allial  ncixt's  aie  nol  collccU'd  to  form  a  lai'ge  trunk, 
but  radiate  out  directly  from  the  gaiiglion  over  the  surface 
ol  fin-  adducio'-  muscle  until  the  mantle  is  I'eached ; 
entering  the  mantle,  lliey  |);i>>out,  l)ianching  on  the  way, 
t(i  the  circuiii  pall  la  I*  nerve.  In  all  pi-obiibiltty  these 
palli;il  iieiA'es  also  iniiei\ate  the  pallial  muscles.  There 
are.  in  iMhlilimi  tn  the  jiallial  nerves  ali'eady  described, 
certain  nerves  which  leave  tlu>  visceral  ganglia  from  the 
))osierioi  angles  o]'  llu'  hileral  lolx's,  and  pass  directly  back 
rivei-  the  surface  ol'  the  adiluclor  until  they  reach  and  enter 
the  maiille  o]jp(jsite  the  teiiiiinal  |)oint  of  attachment  of 
the  rectum  (fig.  2H,  X.  ;>/>.). 

With  legard  to  the  histology  of  the  Ansceral  ganglion, 
the  ganglion  cells  ai'c,  for  the  most  })art,  grouped  over  the 
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surhu-c  l()iiiiiii<;  the  cortex.  The  anterior  cejitral  lobes 
are  aliun^t  cutirely  composed  of  gauglioii  cells,  Avliich  also 
abound  on  the  central  part  of  the  dorsal  surface  fthat  is. 
the  surface  against  the  adductor  muscle).  The  main  [)arl 
of  the  ganglion  is  made  up  of  fibres,  amidst  which  can  be 
seen  a  very  definite  transverse  series ;  probably  the  repre- 
sentative of  the  visceral  commissiire. 

SENSE    OlfGANS. 

Pecten  is  unusually  well  su{)])licd  with  sensory  struc- 
tures, certain  of  Avhich,  the  pallial  eyes,  attain  a  high 
degree  of  specialisation,  and  are  a  remarkable  feature  of 
the  animal. 

The  sense  organs  are  of  five  kinds,  the  hrst  tliree,  and 
probably  the  fourth,  of  which  are  common  to  the  Lamelli- 
branchiata,  and  do  not  differ  to  any  great  extent  in  the 
various  genera.  They  are: — (a)  Sensory  cells  in  the 
epidermal  layer;  (b)  a  pair  of  otocysts;  {c)  a  pair  of 
osphradia ;  (</)  an  abdominal  sense  organ;  (c)  a  series  of 
highly-developed  eyes. 

(rt)  The  Sexsory  ErixiiEETAL  Cells. — These,  the 
■' Piuselzellen  "  of  Elemmino-  (30),  are  to  be  found 
scattered  all  over  the  epidermis,  but  are  present  in  greatest 
numbers  on  the  long,  extensible  ientacles  of  the  mantle 
edge,  where  they  occur  between  two  "  Stiitzzellen,"  which 
according  to  Pawitz  have  a  common  membranous 
covering.  They  are  most  abundant  near  the  apices,  and 
render  each  of  these  tentacles  a  most  important  tactile 
organ.  This  view  is  confirmed  when  the  animal  is 
observed  living,  and  the  greatly  extended  tentacles  can  be 
seen  moving  slowly  to  and  fro  in  the  water.  A  very  slight 
motion  in  the  water  appears  to  be  stimiilits  enough  for  a 
sudden  retraction. 
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These  sense  cells  are  also  present  ou  the  mautle  o(l<i:e 
})roper,  iu  the  epithelium  covering  the  adductor  muscle  in 
the  neighbourhood  of  the  visceral  ganglia  and  osphradia, 
on  the  sides  of  the  gill  axis  and  in  the  outer  epithelium  of 
the  rectum  iu>ar  the  end  of  the  free  portion. 

In  shape,  these  sensory  cells  diifer  hut  little  from  the 
ordinary  epithelial  cells,  which  act  as  supporting  cells 
around  them.  In  many  cases,  however,  they  are  very 
narrow,  with  the  nucleus  situated  about  the  middle  of 
their  leuffth.  The  narrow  cells  have  the  end  towards  the 
surface  of  the  epithelium  swollen  out  into  a  disc,  which  is 
just  as  broud  as  the  ends  of  the  other  epithelial  cells 
around.  Another  feature  is  that  the  sense  cells  stain  more 
intensely  wiien  a  nerve  stain  is  used.  The  cells  are 
provided  with  a  buiuHe  of  extremely  long  cilia,  as  long, 
or  longer,  than  the  cells  tiieniselvcvs.  I'hese  cilia  are 
quite  chaiacterist ic  structures,  and  nnuli  longeV  than 
those  of  ordinary  epilheliuin.  The  margin  of  the  sense 
cells  sjiows  a  distinct  stiiation  vertical  io  the  surface, 
as  if  the  sense  Imirs  or  cilia  \\iM'e  jnoduced  into  the 
cell,  and  this  striation  can  often  he  ol)seived,  though  less 
distinctly  (still  dc^eper  in  the  ceHi,  as  a  series  of  lines 
converging  towards  the  nu<lcu>.  The  hasc  ol  the  cell  is 
connected  with  the  neive  hl)i-es.  raniitying  under  the 
epidermal  layer  and  in  conneelion  with  the  det'pi'r  lying 
nerves,  one  (d'  which  runs  uj»  the  centre  of  each  of  the 
extensible  sensory  tentacles.  I'hese  cells  are  probably 
olfactoiy  as  well  as  tactile  in  tunclion. 

(h)  I'liK  Oiocvs'i's.  A  pail  oj  Olocysts  (tig.  27,  ot.) 
aic  j)reseji)  in  both  /"*.  iiiu.ininis  and  I',  ojk  rcitltn-ls.  They 
are  situated  (piite  exienial  Io  the  loot,  cniht'dded  in  the 
visceial  ma^s  amidst  the  connective  tissue  of  the  digestive 
gland;  and  lie  l)encath  the  cerebral  and  pedal  ganglia  and 
connectives,    tiial    is,    on    the    side    tuiiud    away    from 
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the  surface  of  the  hody.  and  somewhat  between  the 
ganglia. 

They  can  be  seen  in  dissections  as  two  minute  delicate 
white  bodies,  if  the  connective  tissue  above  the  cerebral 
and  pedal  ganglia  is  carefully  removed,  and  are  perfectly 
spherical  in  shape,  with  a  diameter  of  0"1T  mm. 

The  position  of  the  otocysts  outside  the  foot  is 
interesting,  as  the  })edal  ganglia  are  also  completely 
outside  the  foot  in  Pecten.  There  can,  however,  be  no 
question  here  of  the  nerve  innervation,  for  the  nerves  can 
be  traced  directly  out  from  the  cerebral  gauglia  without 
any  connection  Mith  the  cerebro-pedal  connectives,  thus 
rendering  further  proof  to  the  theory  that  the  otocysts 
are  always  innervated  by  the  cerebral  ganglia,  even  when 
they  are  connected  with  the  cerebro-pedal  connective  and 
lie  in  close  proximity  to  the  pedal  ganglia.  The  nerves 
enter  the  otocysts  on  the  sides  facing  the  cerebral  ganglia, 
and  are  thus  quite  short.  The  otocysts  in  both  P. 
ojJercularis  and  P.  niaainnis  are  spherical  closed  sacs,  the 
internal  cavity  of  which  is  l)oun(led  l)v  a  layer  of  sense 
cells.  In  this  cavity  there  is  situated  an  otolith.  This 
appears  in  P.  opcrcuhivis  as  a  large  bull,  formed  of  small 
crystals  of  irregular  shape,  as  it  a  heap  of  tine  detritus 
had  been  heaped  together.  The  otolith  thus  formed  tills 
almost  completely  the  cavity  of  the  otocyst.  In 
P.  maxinnis,  I  have  only  f(jund  some  larger  and  more 
scattered  crystals  (otoconia)  in  tiie  otocyst.  In  the  adults 
of  both  species  examined,  the  otocyst  has  no  duct 
connecting  the  cavity  with  the  external  world. 

The  Osphradia. — These  paired  sensory  structures, 
named  by  their  discoverer,  Spengel  (38),  organs  of  smell, 
and  which  are  of  general  occurrence  in  Mollusca,  are  not 
highlv  developed  in  Pecten.  They  cannot  be  detected 
without    the    aid    of    microscopic    sections,    and    though 
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pigment  granules  nre  then  s(>{>n  lo  be  ])i('>ent  tn  a  sukiII 
extent  in  tlie  rells.  they  aie  not  frequent  enough  to  gi\e 
any  eunspieuuus  colour,  and  the  organs  iliti'er  greatly 
from  the  very  obvious  pigmented  osphradia  of  many 
nudluscs.  Two  small  ganglia,  the  osphradial  ganglia, 
have  alreadv  been  described  in  the  section  on  the  nervous 
system.  They  lie  in  close  proximity  to  the  visceral 
ganglion,  and  nerves  pass  upwards  from  the  ganglion  cells 
forming  these  two  spherical  ganglia  to  the  surface 
epithelium,  almost  directly  al)ove,  where  there  is  a  small 
])]ominent  area  of  elongated  e])ithelium  forming  the 
osphiadiuin.  If  a  jjiece  of  the  adductoj'  muscle  is 
removed  so  that  it  bears  on  its  suitace  the  visceral  ganglia 
and  overlying  c(ninective  tissue  anil  epithelium,  and 
sections  are  cut  at  right  angles  to  the  surface,  the 
os[)hradial  ganglia  and  their  connections  with  the 
osj)hradia  can  Ix'  ('a>ilv  tollowcd.  riie  e|)ithelial  cells  of 
the  osphiadiuni  increase  in  height  until  they  are  about 
three  times  that  ol'  the  adjoining  ordijiary  epitheli\im. 
The  cells  f(nniini>'  the  oii>an  hcai-  no  ciiia.  lliou<!'h  these 
occui"  on  the  onHnarx  adjacent  cpilhclial  cclU.  but  there 
is  a  ])romin<'nt  cuticle  present.  The  nuclcns  is  lai'ge  and 
almost  I'ound,  and  sninll  |iigiiicnt  gianules  occur  (though 
in  >niall  nnnihciM  in  the  cyioplasni.  I  ndcilying  the 
osphrailia  arc  nci\c  cells  coiinecled  with  the  m  neivat  uig 
nei'ves  Ironi  the  ganglia,  and  Iroiii  t  lic-c.  imnierons  Hbrils 
ari>c  and  jiass  thidiigh  the  connective  tissne  basal 
membiane,  niitil,  br;iii(diiiig  >lill  rnithcr.  they  jiass 
between  the  su])|)oit  ing  epillulial  cidls  to  the  suiface 
ftext-Hg.  8). 

Till-,  A  r.DiiM  I  \.\i,  Si:\sr,  ()i;(.a\  wa--  described  first  1)y 
Thiele  ill  ;i  species  of  Area  ii  l.S(S7  (39),  and  Ijist  in 
1!H)'J  (6)  described  tlie  structure  in  detail  in  the  Mytilidae. 
In    l'iil(ii    imi.i'nniis    it    i-   well    de\-clo])e(|    bnt    is    unpaired. 
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The  microscopic  structure  is  almost  identictil  with  that 
in  Mytilus,  and  prohahly  tliis  oi'gan  occurs  generally  in 
the  lamellibranchia.  It  is  a  slight  uucoloured  thickening- 
situated  on  a  connective  tissue  "  flap  "  which  passes  from 
tilt'  adductor  to  the  right  mantle  lobe,  just  above  the  last 
point  of  attachment  of  the  rectum  to  the  muscle.  The 
free  edge  of  this  thin  flap  is  directed  towards  the  hinge 
line. 


Fig.  3.     Section  through  Osph radium,      x  4.50. 


If  transverse  sections  are  made  through  the  ridge, 
the  striking  microscopic  structure  of  this  organ  makes  it 
at  once  obvious.  It  appears  (see  tig.  4)  as  a  hillock  of 
sense  cells  extending  on  both  sides  of  the  edge  of  the 
connective  tissue  flap,  and  much  longer  than  it  is  thick. 
It  is  rendered  very  evident  because  firstly  the  cells 
composing  it  are  many  times  higher  than  the  ordinary 
epithelium  and  the  junction  is  very  distinct,  and  secondly 
because  the  sense  hillock  bears  a  thick  covering  of 
extremely  long  cilia  or  fibrils,  which  are  themselves 
several  times  the  length  of  ordinary  epithelial  cells  and 
occur  nowhere  else  on  the  body.  The  sensory  epithelium 
rests  on  a  basal  connective  tissue  membrane  which  is 
pierced  by  nerves,  or  rather  by  nerve  fibrils,  which 
proceed  from  the  visceral  ganglion  and  pass  directly  over 
the  adductor  under  its  connective  tissue  sheath.  In 
transverse  sections  stained  with  haematein  the  epithelium 
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stains  verv  deeply,  aiul  many  nuclei  are  apparent  wliicli 
appear  to  lie  at  all  levels  with  the  exce})ti()n  of  a  narrow 
zone  l)onn(ling-  the  tree  surface  of  the  cells. 

The  nei've  fibrils  break  up  into  iiuer  processes 
ainougst  the  cells,  and  form  a  very  ('oni]ilex  iietwork 
around  tlieni.  Many  of  the  nu(dei  ap})ear  to  belono-  to  the 
nerve  fibres,  whilst  others  much  rounder  and  lig-hter 
stain iiio-  pr()]);ibly  belono-  sim])ly  in  su])j)()rtin<>-  cells.  The 
nerve  fibrils  can  be  traced  from  their  nuclei  to  the  edg'c 
of  tlie  hill()(d\.  where  they  are  continued  free  as  the  lonq- 
cilia,  so  that  these  are  in  reality  the  teiiuinal  idiis  of 
joliiiii  ivc  neuro-fibiillae. 


Mil»«V'>,^^ 


Firi.  1.     Soction  tliron<;h  iilidniiiinal  >.onso-orp;aii.       •    30<X 

Tlici'c  IS,  in  addition  lo  tlic  cov('nii<i'  (d'  lon<;  cilia, 
another  mncli  naiiowci'  "  scam  "  l\in<i'  al  (lie  bollom  of 
the  cilia,  and  in  iact  liaviiii;-  I  lie  a|»pcarancc  ol  a  very 
tliick  cuticle  Idniicd  of  a  iiuiiilici  ol  dclicalc  |iarall(d  rods. 
It  Iia>  ratlicj  llic  a  |i|)caia  lice  dl  aiiotlici'  shoi't  layer  of 
stilt  cilia.  These  lods  can  al.so  bo  traced  for  a  short 
distance  within  tiu;  cells. 
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TVith  regard  to  the  function  of  this  well-developed 
organ,  it  is  difficult  to  see  that  it  can  be  any  other  than 
a  water-testing,  either  smell  or  taste  organ,  vet  this  sense 
is  generally  ascribed  to  the  osphradia,  and  it  is  difficult 
to  understand  the  preseuce  of  two  organs  doing  the  same 
work,  situated  very  close  to  one  another,  and  yet  having 
a  different  structure. 

The  histological  structure  is  remarkably  like  that  of 
the  '*  Seitenorgane '"  described  by  Eisig  (43)  in  the 
Capitellidae,  and  Thiele  himself  supposes  that  the 
function,  like  that  of  these  organs  and  the  lateral  line  of 
fishes,  is  the  perception  of  vibrations  in  the  water,  though 
no  experimental  evidence  is  put  forward. 

The  Eyes.-  -Xo  organs  of  Pecten,  nor  of  the  Lamelli- 
branchs  in  general,  have  given  rise  to  more  discussion 
with  regard  to  details  of  structure  than  the  eyes;  and  as 
one  would  expect,  these  remarkable  organs,  which  are  so 
prominent,  glittering  like  minute  diamonds  set  amidst  a 
forest  of  tentacles,  attracted  the  attention  of  early 
naturalists.  They  were  first  described  by  Poli,  as  far 
back  as  1795.  The  first  fundamental  work  was  that  by 
Ilensen  in  1S65  (31),  and  since  then  the  most  important 
papers  are  those  by  Jlickson  in  1880  (33),  C'arriere 
188o  (29),  Patten  188()  (35),  and  Eawitz  in  1888  (36). 
The  structure  of  the  retina  was,  however,  still  very 
uncertain,  and  this  has  been  the  chief  feature  of  the 
works  of  Schreiner  1896  (37).  Hesse  1900  and  1907  (32), 
and  Hyde  1903  (34),  bringing  the  matter  up  to  date. 
The  difficulty  of  making  satisfactory  preparations,  and 
the  frequency  of  artifacts  caused  by  fixation  and  further 
treatment,  has  been  the  cause  of  much  confusion. 

The  mantle,  as  previously  described,  has  a  margin 
bearing  the  characteristic  lamellibranch  structures  (see 
fig.  4),     Tl^ere  are  three  folds,  on  the  outer  of  which  are 
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borne  tentarles.  and  on  tlie  median  nnd  smaller  are 
situated  the  eyes  (ti<;.  4,  K.),  on  short  stalks  whioh 
resemble  the  basal  ])ortions  of  the  ordinary  tentaeles. 
Many  workeis  have  miticed  tin's  similarity,  whioh. 
io<>-('ther  witli  the  coui'sc  of  the  nerve  hbres,  has  led  them 
to  the  conclusion  that  these  aic  homolog'ous  org-ans 
modihed  for  dilferent  functions.  The  IVcteti  eye  is  an 
inverted  eye  like  those  of  Pianarians  and  Vertebrates, 
and  resembles  the  latter  in  some  respects.  It  is  deri^'ed 
fi'om  both  ectoderm  and  mesoderm,  the  lens  beino:  formed 
from  the  laltei.  The  number  of  eyes  varies  considei'ably 
in  the  different  s|te(-ies,  and  there  i^  further  a  difference 
ill   I  he  nunibeidn   the  two  mantle  lobes. 

in  Piilin  mii.riiiius  the  numbers  average  about  •')■')  on 
the  left  (flat)  side  and  as  few  as  ten,  se])arated  by 
lon<;  intervals,  on  the  rioht  fconvex)  side.  In  I'icten 
upcrcHlarls  the  numbers  are  more  e(]ual,  the  following 
beinjj  some  seiies  : — lifflit,  -m,  •')•'),  41,  -31;  left,  o^,  ol,  .')(! 
(il  :  but  it  will  l)e  seen  they  still  are  mcuc  numerous  on 
the  left  than  (Ui  the  rig'ht,  thouuh  the  left  valve  of  !'((/<  ti 
iiiii.r/i/i IIS!  i<  the  Hal  one,  whereas  the  ii<rli1  valve  is  the 
flatter  of  the  tun  m   /'<</<  n  o  jk  rcidaris. 

Patten  (35  i  ol)sei  ved  that  I',  jardhdiii^  always  lay  on 
its  I'iirht  valve,   that    is  the  convex,  and   if   turned  over   il 

o 

soon   riffhted  ilscM'. 

I'(rfiii  inii.n'in i/s,  A\hich  like  /'.  jiicdJiin  us  has  very 
une(|ual  valves,  is  always  to  be  found  Ixing  on  the  right 
convex  valve  which  sug'gesls  that  the  greater  (levtdo|)- 
mcnl  of  eves  i-  al^^ays  on  th(>  tial  u])|)er  valv(>.  This  is 
su])|)orted  b\-  the  condition  in  /'.  n jn  mild n.<,  wliei(>  little 
difference  can  be  dclcctetl  between  the  valves,  and  the 
iiiinil)er  (d'  eves  i^  more  alike  Ihan  m  /'.  nni.nni ii<.  (  )iie 
might  at  fii-l  ex|iec1  that  the  eyes  linking  up  toward  the 
lig;h<.  wniild  lie   the   betlei    de\c|f)jicd,   but   the  eyes  on    Ihe 
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left  upper  valve  are  tlie  more  nuniei'ous,  are  larger  and 
situated  on  longer  stalks  in  P.  nui.vinnis.  This  may  be  a 
result  of  the  asymmetry  of  the  animal,  and  I  have 
observed  that  the  left  mantle  lobe  is  frequently  extended 
so  far  out  that  it  overlaps  the  shell  edge,  and  the  eyes  are 
directed  horizontally  out,  or  even  upwards,  in  place  of 
downwards  towards  the  ground,  as  has  sometimes  beeji 
stated.  The  eyes  vary  in  size  considerably.  There  is  a 
group  of  large  eyes  anteriorly  and  posteriorly  on  each 
mantle  lobe. 

In  P.  oiH'TCidaris  there  are  about  five  eyes  in  each 
such  group,  and  separated  by  an  interval  from 
these  we  have  a  series  of  eyes  in  the  ventral 
margin.  Those  neares;  the  interval  are  the  smallest, 
and  the  largest  are  to  be  found  mid-ventrally.  I  do 
not  find,  however,  the  regular  arrangement  of  large 
and  small  eyes  described  by  Patten  (35).  Neither  have  I 
been  able  to  find  in  /"*.  ojurcnldris  any  eyes  "'  the  ])upils  of 
which  are  entirely  covered  with  pigment  "  (Patten,  35). 

The  eye  stalk  (fig.  29,  E.  sf.)  which  supports  the 
eyes  is  a  short  column,  and  is  retractile,  but  one  does  not 
observe  the  eyes  being  turned  in  different  directions  as  is 
the  case  with  the  tentacles.  The  lower  part  of  this  eye 
stalk  is  bounded  b}-  unpigmented  epithelium,  but  as  the 
eye  is  approached,  the  amf)unl  of  pigment  granides  in  the 
epithelium  cells  increases  until  the  whole  cell  is  almost 
filled.  The  pigment  is  of  a  dark  brown  or  blackish  colour. 
In  sections  it  will  be  seen  that  the  epithelium  is  composed 
of  columnar  cells,  which  are  lowest  at  the  base  but  become 
taller  as  one  approaches  the  cornea  {Cor.),  which  is  a 
continuation  of  the  same  layer  over  the  surface  of  the  eye. 

The  pigment  granules  are  thickest  at  the  bases  of  the 
cells,  the  nuclei  of  which  are  generally  situated  in  the 
upper     part.      The     pigmented     cells     are     not     equally 
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distributed,  but  are  most  uuinei'ous  and  extend  nearest  to 
the  base  of  the  eve  stalk,  on  the  upper  side  which  is 
turned  towards  the  light  (tig.  29,  on  left  side). 

The  name  iris  has  been  given  (fig.  29,  /.)  to  the  zone 
bounding  llie  cornea  wlierc  most  pigment  is  present.  The 
cells  of  the  iris  become  rapidly  less  tall,  the  nucleus 
becomes  more  central,  and  then  suddenly  all  pigment 
is  lost,  and  they  pass  into  the  cubical,  transparent  cells  of 
the  cornea  (fig.  29,  Cor.).  A  thin  layer  of  cuticle  covers 
the  epithelial  cells  of  the  eye  stalk,  the  iris  and  the  cornea. 

The  function  of  the  iris  seems  to  be,  like  that  of  the 
pigmented  sides  of  the  eye  vesicle  and  stalk,  to  prevent 
lateral  rays  of  light  penetrating  to  the  retina. 

The  cells  of  the  cornea  were  discovered  by  Patteti  (35) 
to  be  pentagonal  or  hexagonal  in  surface  view,  hour-glass 
shaped  in  section,  quite  free  from  pigment,  and  to  have  a 
curious  interlocking  or  notched  appearance  on  the  edges, 
so  as  to  give  the  cornea  a  much  firmer  and  more  rigid 
structure  as  a  membrane.  This  ap])earancc  Avas  described 
by  Schreiner  (37)  as  being  duo  lo  iiiterccllnlar  sulistance 
and  to  fixation  alone. 

From  transverse  and  longitudinal  sections  through 
these  cells  fixed  in  ^Fann's  Fluid,  Flemming's  Eeagen't 
and  Osmic  .Vdd,  1  am  of  opinion  (hat  they  do  ]K)Ssess 
])rocesses  oii  all  sides  Avhich  ]Uf)bably  connect  them 
together,  as  in  the  so-called  "  Prickle  Epithelium.''  This 
occurs  also  in  Ihc  c])idcrinal  cells  of  the  eye  stalk  (fig.  35). 

The  connective  tissue  which  makes  up  the  rest  of  the 
eve  stalk  is  a  continuation  of  the  same  from  the  mantle, 
and  is  similar  in  structuic  Then^  aic  numerous  lacunae 
with  bjoofl  coiijuscles,  ami  the  rest  crmsists  of 
almost  structureless,  hf)mogeneous  connective  tissue  Avith 
sfiittered  Tiuclei  and  n  few  n\uscle  fibi-es  (fig.  29,  Op.  ni.), 
which   la.tei'   are   |)iesenl    in   considei-abh;  (niantity    in   the 
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layer  immediately  below  the  epidermis,  and  probably 
cause  the  slight  movements  of  the  eye.  I  have  seen  no 
trace  of  Patten's  long  striated  muscle  cells  ;  but  the  muscle 
fibres  when  contracted  may  be  thrown  into  a  series  of 
short  waves,  which  possibly  prcjduced  the  striated  effect. 

The  connective  tissue  of  the  eye  stalk  is  cfin tinned  up 
to  form  the  sides  of  the  optic  vesicle,  and  is  actually 
prolonged  under  the  cornea  as  a  structureless  layer  with  a 
few  nuclei  the  pseudo-cornea  (tig.  29,  ('or.  ps.)  of  Patten 
f35). 

The  muscle  fibres  extend  up  laterally  as  far  as  the 
edge  of  the  iris,  and  end  quite  suddenly  with  an  upward 
curve,  as  if  attached  to  the  last  cells  of  the  pigmented  iris. 
This  is  the  region  that  Patten  has  termed  the  Ciliaris. 

Scattered  ganglion  cells  are  also  occasionally  to  be 
seen  in  the  connective  tissue  of  the  stalk.  They  are 
probably  connected  by  nerve  fibrils  with  the  nerves  of  the 
eye. 

Lying  in  the  optic  vesicle,  against  the  pseudo-cornea, 
is  the  Lens  (fig.  29,  L.),  which  Patten  has  figured  and 
described  correctly  (35).  It  is  biconvt^x,  Init  the  dome- 
shaped  surface  towards  the  retina  is  very  much  more 
convex  than  the  corneal  surface.  The  lens  is  composed 
of  large  cells,  irregular  in  shape,  but  more  or  less 
rectangular  in  the  centre.  They  have  distinct  walls,  and 
granular  contents  which  stain  somewhat  deeply  with 
eosin.  The  nucleus  always  lies  to  one  side  of  tlie  cell,  so 
that  in  thin  sections  some  of  the  cells  appear  to  l)e  witlu)ut 
a  nucleus.  Fibrils  are  of  frequent  occurrence  in  these 
cells,  and  Husse  (32)  states  that  they  have  a  radial 
arrangement  from  the  centrosomes  to  the  periphery. 

The  cells  are  smaller  at  the  circumference  of  the  lens, 
and  the  cells  bounding  the  corneal  and  retinal  surfaces, 
especially  the  latter,   are  elongated  and  flattened.     It  is 
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probable,  owin^  to  the  layers  of  tlie  flattened  cells 
with  fibrils  and  prominent  walls  that  the  appearance 
of  a  membrane,  called  by  Patten  the  suspensory  liijanieiit, 
arose.  Xo  definite  membrane  can  be  seen  by  SchieiiuM' 
or  myself. 

The  lens  lies  suspeiuhMl  in  a  space  Avhich  has  been 
termed  a  blood  sinus,  as  blood  corpuscles  are  occasionally 
found.  This  space,  which  is  situated  between  the  retina 
and  the  lens,  like  the  chamber  in  the  vertebrate  eye  con- 
taininp-  the  "vitreous  humour."  does  not  appear  tf)  have 
any  connecticm  with  the  lacunae  of  the  eye  stalk.  I  have 
found  blood  corpuscles  only  present  in  very  few  out  of  n 
p^reat  many  sections,  and  these  were  probably  abncuiual 
occurrences  due  to  fixation  only,  and  the  s])ace  cannot, 
therefore,  be  looked  upon  as  a  blood  sinus. 

The  Septum. ^ — The  portion  of  the  optic  vesicle  con- 
tain ini^-  I  he  retina  is  separated  from  the  lens  chamber  by 
a  membrane  which  runs  completely  across  the  eye.  This 
is  the  Septal  Membrane  (fio^.  29,  Sep.).  Commonly  the 
retinal  surface  of  the  lens  lies  against  it.  Patten,  however, 
considers  it  a  sn|)])ori  I'oi'  the  lens  to  which  it  is  acduilly 
attached,  and,  furl  lief,  tli;il  it  ])l;iysthe  part  of  an  elastic 
cushion  ehn-atin<^'  ilie  h'ns  \\h(Mi  it  has  been  pulled  in  by 
contract  ion  of  in  nsch'  (ibres. 

<)win<r  to  the  let  ilia  bein^'-  jmlh-d  away  from  its  under- 
lyinf:^  layers  in  seeti(nis.  the  sejitnni  comes  ]KMha|)s  to 
touch  the  Ions,  hut  in  the  natural  conditions  the  lens  and 
.septnm  are  not  atiai-hed,  and  the  latter  can  thus  not  act  as 
an  elevator.  Moicihver,  the  whole  appearance  of  the  eye 
and  its  react  ions  to  st  iniiili  tender  it  (^xti'omely  improbable 
that  it  possesses  an  \-  mean  <  ot  aci-oni  niidal  ion  or  focussiufj. 

The  se|)liini  in  llir  adult  appeals  st  luct  iiicless, 
thickest  in  the  iiiKJdle,  where  it  is  peifoiated  by  the 
oiilei'  l)i'aucli  ul  the  optic  nerve.     At  this  place  the  septum 
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has  the  appearance  of  being  formed  of  hvo  membranes 
placed  together,  and  Avhich  are  here  slightly  separated, 
tke  nerve  passes  intact  over  the  septum  to  the  middle, 
"svliere  its  several  fibrils  penetrate  the  membrane, 
diverging  at  the  same  time  in  all  directions  to  make  their 
connections  with  the  outer  layer  of  retinal  cells.  The 
peripheral  edge  of  the  septum  appears  to  be  a  direct 
continuation  of  the  sclerotica  (fig.  29,  ScJ .). 

lietina. — The  lletina  and  its  two  underlving  lavers 
have  received,  at  different  times,  varying  names.  I  have 
adopted  in  the  main  those  of  lles.se,  with  some  alterations  ; 
the  chief  synon3'ms  will  be  referred  to  in  the  text.  In 
sections  the  retina  appears  as  a  thick  band  lining  the 
inner  wall  of  the  optic  vesicle,  but  separated  from  it 
by  two  other  concentric  layers — the  argeutea  and  the 
tapetum  (fig.  29,  Arg.  and  2\).  The  retina  further 
resembles  in  a  remarkable  way  that  of  the  vertebrate  eye, 
in  the  fact  that  the  light  rays  must  pass  through  it  to  the 
argentea,  and  then  the  nervous  reactions  aroused  pass 
back  again  through  the  varifjus  elements  to  the  optic 
nerves  which  innervate  the  retina  on  its  distal  surface. 
This  arrangement  is  only  approached  outside  the  verte- 
brates in  the  Planaria  (Hesse,  32),  and  there  the  structure 
is  much  simpler.  In  most  figures  a  space  is  shown 
between  the  retina  and  the  argentea.  This  appearance, 
however,  is  due  to  contraction  on  fixing,  and  normally 
retina,  argentea  and  tapetum  are  in  contact.  The  retina 
has  been  the  source  of  all  the  disao-reement  with  retrard  to 
the  structure  of  the  Pecteu  eye,  and  I  have  endeavoured  to  . 
examine  the  various  views  held  and  compare  them  with 
the  appearances  of  my  own  preparations;  but  a  complete 
elucidation  has  not  yet  been  arrived  at.  The  retina  can 
be  divided  into  three  main  layers,  viz, :  — 

[a)  An   outer  layer  lying   against  the   septum,   and 


134        rilANSAC'LloNS     LlVKKl'Odl.     UK  )l.0(.  U'A  I .     S(  >C'I  l-.'l' V. 

jiKuU'  iij)  of  lli(>  J)isl;il  Cell  layer  (tiy.  'JD,  D.c./.)  and 
Outer  Interstitial  Cells  (fig.  oO,  In.  c.  o.}.  Tins  is  Patten's 
outer  <janf]rlionic  layer  and  the  Gaufjlieuzellenschiclit  of 
liawitz  (36). 

(b)  The  layer  of  Ifod  Cells  (lietinophorae — Stabchen- 
zellen  (ficj.  29,  It  C). 

(c)  The  layer  of  Eods  (Stabchen)  (fig.  29,  IL). 

The  cells  of  the  inner  ganglionic  layer  of  Patten, 
corresponding  to  llie  Zwisehenzellen  of  Ilesse,  and  what  1 
shall  call  the  inniM-  interstitial  cells,  are  to  be  found 
between  the  rod  cells  (tig.  ?J0,  /.  c.  /.). 

Pod  Cells. — With  regard  to  the  minute  histology  of 
these  structures  much  confusion  exists.  They  form  the 
most  conspicuous  portion  of  the  retina  in  transverse 
sections,  and  are  jjroniinent  as  a  layer  of  columnar  cells, 
the  basal  proximal  ends  of  which  are  continiuMl  as  the 
rodsfoiiuing  another  well-delinrd  layer  of  llie  letina. 

The  rod  cell  layei-  is  thus  the  middle  layer  of  the 
retina,  lying  l)elwei'n  the  layer  ol  lods  and  ihe  distal  layer 
of  cells,  to  be  consideicd  below.  Tlie  lod  ctdls  are  of 
considerable  length,  and  decrease  gradnally  in  thickness 
towards  llie  })eii|»lieiy  ol  tlu'  retina  until,  indistinguishable 
from  nerves,  they  become  connecled  \\  ith  the  fibres  of  the 
inner  l)ranch  ol  ihe  oplu'  nerve  ( lig.  2!),  (fji.ii.  /.)  which 
pass  (low  II  outside  llie  optic  vesicle  on  all  .sid('s  and  unite 
to  form  the  nerve  branch  under  Ihe  v\v.  In  older  to 
study  Ihe  details  of  a  rod  (cll,  seclioiis  musl  he  ciil  in  the 
plane  of  tlii!  retina  and  at  right  angles  to  the  long  axis  of 
tiie  eye-stalU.  An  examinal  ion  ol  (eased  pripaial  ions  is 
also  necessary  in  addition  to  the  sections. 

Ihe  rod  cell  incicases  gradually  in  diaiii(>ter  from  a 
mere  thread  al  the  back  id'  llic  rcliiia  lo  Ihe  typical 
columnar  legion.  .\l  about  a  fourth  of  its  length  is  a 
slight  varicosity,  and  a  short  distance  further  and  nearer 


SfeA-FLSHJiRIES    LABOliAToKl'.  435 

the  basal  end  the  nucleus  causes  a  rapid  increase  in  the 
diameter  (fig.  30,  U.C.n.,  and  fig.  29,  R.C.n.).  The 
nuclei  of  the  rod  cells  are  to  be  found  in  longitudinal 
sections  through  the  eye,  in  a  cluster  not  far  from  the 
sides  of  the  retina  (fig.  29,  R.  C.  n.)  and  before  the  point  is 
reached  where  the  cells  curve  almost  at  right  angles  to 
form  the  basal  portions,  which  like  a  series  of  columns  lie 
with  their  long  axes  in  a  proximal-distal  direction. 

Another  series  of  nuclei  is  generally  conspicuous 
(fig.  30,  C.  i.),  but.  as  hrst  shown  by  Patten  (35j,  these  do 
not  belong  to  the  rod  cells,  but  belong  to  cells  lying 
between  them  (inner  interstitial  cells).  The  rod  cells  all 
terminate  at  the  same  level,  or  rather  pass  directly  into 
their  continuations — the  rods.  At  the  line  of  junction  of 
these  two  elements  there  are  traces  of  a  delicate  membrane 
extending  across  the  retina,  called  by  Schreiner  (37)  the 
outer  sieve  membrane  (fig.  30,  S.  m.  o.).  This  is  per- 
forated by  the  rods,  and  does  not,  as  Patten  stated 
(terminal  mem))ranej,  separate  the  rod  cells  from  the  rods, 
that  is,  form  the  actual  base  of  the  rod  cells.  Each  rod 
cell  is  connected  with  a  rod,  the  one  being-  a  continuation 
of  the  other,  the  line  of  division  being  marked  by 
the  outer  sieve  membrane  outside  the  cell,  and  internally 
by  a  difference  in  cell  structure.  Like  Schreiner,  I  have 
seen  no  vacuole  described  bv  Patten  as  existini;  at  the 
base  of  the  rod  cells. 

The  Rods  (fig.  30,  A^.)  are  difficult  to  preserve  in  good 
condition,  but  absolute  alcohol  sublimate  gives  good 
results,  and  sometimes  Flemming,  though  with  large 
Pecten  maaimus  eyes  the  latter  probably  does  not 
penetrate  quickly  enough.  They  are  cone-shaped  bodies, 
longest  in  the  centre  of  the  retina  and  decreasing  slightly 
in  size  towards  the  periphery.  The  basal  portions  of  the 
rods  are  separated  from  each   other  by,  and  rest  on,   a 
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substance  staiuing  rather  darkly  witli  Iroii-llaematoxyliii 
(lig.  30,  S.  m.  i.)  whicli  separates  tliem  from  the  under- 
lying argentea.  There  lias  been  some  disagreement  as  to 
Avhether  this  is  a  secretion  of  the  argentea  or  an  artifact. 
It  is  certainly  not  the  latter,  nor  have  we  to  do  with  single 
rod  numtles  as  stated  by  IJawitz  (36j.  It  is  simply  a 
homogeneous  mass  in  which  the  rods  are  imbedded, 
and  I  propose  the  name  Basement  Membrane  instead  of 
Schreiner's  Ijiner  Sieve  Membrane,  owing  to  the 
difference  from  the  outer  sieve  membrane.  Ilesse  (32) 
has  calculatiMl  in  Pccftti  J(U(iJkiius  there  were  present 
24,000—27,500  rods  to  the  sq.  mm.  That  is  about  2,400 
rods  as  the  average  for  a  medium-sized  eye. 

The  internal  structure  of  these  elements,  both  rods 
and  rod  cells,  lias  caused  much  confusion.  The  rod  cells 
have  rather  moi'e  com})a(tt  })rotoplasm  than  tlie  rods,  wliich 
apjjears  in  sections  to  be  condensed  rather  in  the  middle 
{^^.  •]2j.  In  transverse  section  the  rod  cells  appear  rather 
irregular  in  shape  some  circular,  others  rectangular  or 
trianguhir;  the  appearance,  in  short,  that  cylindrical 
columns  miglit  have  in  consequejice  of  the  pressure  of 
adjoining  cells.  The  lods  aie  no!  so  iiregular  in  sliape, 
and  ihcccll  coiilcnts  arc  not  so  cons]ucnous,  but  rnnniiisj;' 
down  ihiough  the  middle  is  a  well-delijied  axial  Hbre 
dig.  .•i2,  A.r.  [.).  'I'his  can  be  seen  excellently  after 
fixation  in  Kleniniing  and  siainiiig  with  1 1  aenialoxylin, 
;ind  is  (listinel,  l»olh  in  tran>veis(>  and  longitudinal 
.-sections,  it  was,  Jiowcver,  best  followH-d  alter  treatment 
by  Apatliy's  "  Nacjivergoldnng  Method"  or  by  ili(>  same 
anthoi'.s  llaeniatein  I.\.  Th  is  (ihic  can  be  seen  dist  inct  Jv 
in  all  rods  extending  iKun  the  base  oT  the  lod  cell  to  the 
base  of  the  rod  (lig.  -lO,  A.r.  /.)  Patten  (SSj  described  it 
as  dividing  at  the  base  into  two  branches,  which  became 
connected  with  othci-  nerve  twigs  outside  the  rod.     This  is 
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Udt  the  case,  it  passes  directly  to  the  base  uf  each  idiI, 
where  it  terminates.  Both  Patten  (35)  and  llawitz  (36) 
have  followed  this  structure  through  the  rod  cells.  Ivawitz 
stated  in  addition  that  there  was  a  fine  canal  running 
through  the  middle  of  the  rod  cell,  in  which  lax  the  hbre. 
Schreiner  (37),  after  making  a  careful  series  of  pre- 
parations, came  to  the  conclusion  that  there  was  no  axial 
libre  in  the  rod  cell,  and  that  the  appearance  of  one  was 
due  to  the  contours  of  adjacent  cells,  or  an  optical  eli'ect 
formed  owing  to  the  rod  cells  being  slightly  angular  in 
transverse  section  and  not  perfectly  cylindrical.  Hesse 
(32)  acknowledges  that  it  is  often  extremely  difficult  to 
find  the  fibre  in  the  rod  cells,  even  when  it  is  perfectly 
obvious  in  the  rods,  but  confirms  Patten,  and  states  that 
in  Fecten  aratus  the  fibre  is  easily  followed  in  the  rod  cells. 
The  ej'e  of  Fcctcn  miuvimus  is  not  suited  for  this 
histological  work,  but  transverse  sections  made  through 
the  retina  (figs.  32  and  oo),  and  cutting  both  rods  and  rod 
cells,  show  how  distinctly  the  hbre  is  to  be  seen  in  the 
former  whereas  it  is  absent  in  the  latter,  and  here  both 
rods  and  rod  cells  have  been  subjected  to  exactly  the  same 
conditions  of  fixation  and  staining.  In  the  Gold  Chloride 
preparations,  however,  the  fibre  was  seen  in  some  rod 
cells  to  extend  very  slightly  above  the  base,  and  not  to 
end  abruptly  but  rather  to  thin  out.  Apathy's  (27)  and 
Bethe's  (28)  work  on  the  nervous  system  has  thrown  much 
light  on  the  structure,  and  if  we  regard  the  nerve  cell  as 
simply  a  cable,  the  conducting  wires  of  which  are  the 
neural  fibrillae  and  the  perifibrillar  substance  the  pro- 
tective and  insulating  material,  we  can  apply  this  to  the 
rod  cells.  The  axial  fibre  in  the  rods  is  a  nerve  fibril 
Ivinsr  in  its  nerve  cell.  It  is  so  obvious  because  it  is  in 
all  probability  the  product  of  the  fusion  or  very  close 
apposition  of  several  primitive  fibrillae. 
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Xow,  it  is  very  diiiiciilt  to  consider  tliis  ending' 
abruptly  at  the  base  of  the  rod  ctdl,  especially  if  it  bo 
regarded  as  the  conductiiifr  element.  It  is  also  certain 
that  it  is  always  seen  only  willi  great  dilticulty  in  the  rod 
cells,  and  I  could  not  demonstrate  its  appearance  in  the 
eyes  of  F.  ma.rinnis. 

Hesse  (32)  states  that  in  some  cases  he  could  see 
several  fibrillae  in  the  rod  cell,  and  in  any  case  the  neuro 
fibril  was  always  thinner  there. 

Furthermore,  the  appearance  in  transverse  sections 
shows  that  the  cell  contents  which  seem  equally 
distributed  in  the  rod  cells  (fig.  -io)  are  condensed,  ajid 
with  the  prominent  axial  fibril  run  down  the  centre  of  the 
rods  (fig.  -j'i).  Betlie  (28),  in  his  work  on  the  nerve 
elements  of  Carcinus,  states  that  after  using  Tolnidin  and 
Methylene  blue  methods  the  primitive  fibrillae  appear 
with  dift'erent  intensity,  and  says  there  is  in  places  a  more 
or  less  stronger  apposition  of  the  "  Elementar  tibrillen  "" 
which  form  tlie  primitive  librillae.  and  the  darker 
stained  primitive  librillae  aic  dne  to  the  union  of  iniu'c 
"  Elementar  fibi  illeii." 

I  believe,  therefoie,  thai  in  ihe  roil  ceils  ihere  are  a 
number  of  very  thin  piiniilive  librillae  whicli  at  the 
])eri])herv  of  the  retina  become  connected  w  ith  the  neuro 
librillae  of  the  o])tic  nei've.  These  are  only  wiih  dilliculty 
tf)  be  made  ont,  l)nl  have  been  seen  on  some  occasions,  and 
also  by  Hesse  a  in!  Schneider  (44).  At  the  base  of  the  rod 
cell  fheie  is,  liowever,  a  fusion  oi'  an  apposition  of  these 
neuro  librillae,  and  the  resultant  obvious  axial  fibre  of  the 
rods  is  produced.  I  have  reproduced  this  somewhat 
diagrammatically  in  fig.  -U). 

Hyde  (34)  has  published  an  account  of  the  structure 
of  the  Pecten  eye  which  differs  considerably  from  all  the 
previous  accounts.      Unfoi  Innately,  no  transverse  sections 
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are  Hgured,  and  I  have  failed  tu  iiud  the  .structures 
described  iu  my  sections,  which  agree  with  those  of  Ilesse. 
Hyde  describes  the  rod  ceils  as  being  simply  supporting, 
and  not  visual  sensory  cells,  and,  further,  that  it  is  the 
inner  interstitial  cells  (which  lie  between  the  rod  cellsj 
that  are  continuous  with  the  axial  fibril  of  the  rods  on 
the  one  hand  and  the  optic  nerve  on  the  other.  The  rods, 
however,  as  above  stated,  are  undoubtedly  continuations 
of  the  rod  cells,  and  though  Methylene  blue  may  be 
perfect  for  nerve  fibrils,  it  cannot  alter  this  fact,  which 
has  been  observed  by  all  observers  in  teased  preparations 
and  sections.  Any  continuations  of  the  inner  interstitial 
cells  penetrating  the  outer  sieve  membrane  will  lie, 
therefore,  between  the  rods,  just  as  the  former  themselves 
lie  between  the  rod  cells. 

In  addition  to  the  normal  rod  cells  with  their  rods 
which  have  been  considered  above,  there  is  a  peripheral 
region  in  which  rod  cells  are  present  which  differ  slightly 
in  structure  from  the  others  and  do  not  bear  rods  at  their 
bases  (fig.  29,  R.  C.  p.) ;  these  were  called  Pseudoretino- 
phorae  by  Patten.  They  are  regarded  by  Ilensen  as 
young  rod  cells,  and  Schreiuer  states  that  he  found  them 
to  be  more  numerous  in  young  specimens  than  in  the 
adult. 

So  far  we  have  only  considered  the  rod  cells  and  the 
rods.  In  addition  to  these,  the  retina  is  made  up  of  a 
number  of  other  cells  which  form  a  definite  band  between 
the  rod  cells  and  the  septum,  and  another  layer,  previously 
mentioned  (inner  interstitial  cellsj,  which  lie  between  the 
rod  cells.  Patten  classified  all  those  between  the  septum 
and  the  rod  cell  layer  as  belonging  to  the  outer  ganglionic 
layer,  and  the  others  to  the  inner  ganglionic  layer. 
Rawitz  also  classihed  all  these  cells  together  as  ganglion 
cells,  and  later  Schreiner  describes  the  outer  ganglionic 
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layer  as  being  four  cells  deep  in  its  thickest  region, 
llesse  first  showed  the  incorrectness  of  these  statements. 
In  the  first  place,  the  cells  are  of  at  least  two  different 
forms,  and  cannot  all  be  classified  as  ganglion  cells,  and 
the  so-called  outer  ganglionic  layer  of  Patien  and  others 
is  really  a  complex  which  must  be  broken  up. 

There  is  a  distinct  distal  cell  layer  (fig.  29,  D.  c  /.), 
one  cell  deep  only,  extending  across  the  retina  against  the 
septum.  Between  these  cells  and  underneath  this  layer 
are  a  number  of  irregularly  placed  cells,  which  agree  in 
many  ways  with  those  between  the  rod  cells.  Since  their 
function  is  not  known,  it  is  best  to  drop  the  term  ganglion 
cells,  and  to  call  them  all  iiiterstitial  cells;  and  so  there 
arc  the  two  groups  outer  interstitial  cells  (hg.  -JO, 
In.  CO.)  underlying  and  pailially  penetrating  the  distal 
cell  layer,  and  innei'  interstitial  cells  (In.  c.  i.)  between 
the  rod  cells. 

The  Distal  Cell  Layer  is  a  veiy  regular  layei'  of 
roughly  triangular  cells,  the  base  of  wliicli  is  tuiiied 
towards  the  sej>tuiii.  The  s(>pi;il  >uifacc  ol  these  cells  is 
drawn  out  into  nunuM-ous  hue  ])i(iicsscs  almos!  like  cilia, 
which  reach  u[)  to  the  scjjtuni,  so  that  in  sections  across 
the  retina  a  cilia-like  border  ap|)eais  l)etween  the  septum 
and  th<'  retinal  cells.  They  a|)|)eai'  al  most  like  numerous 
nerve  iibrils  in  connection  with  the  optic  nerve,  and  make 
the  task  of  following  the  real  nerve  iibrils  In  this  region 
very  dillicnlt.  The  apex  ol  the  cell  is  drawn  (»ut  and, 
according  [o  Schreiner,  becomes  dendritic,  sending 
delicate  hbril,-?  ramifying  betweeji  the  interstitial  cells  and 
rod  cells.  In  the  gold  preparations  these  nerve  fibrils 
appeared  as  a  very  complete  net  w  oik.  and  their  number 
adds  again  to  the  task  of  examining  their  connections. 

Schreiner  stated  that  the  e])ilhelial  distal  cells  were 
in  direct  connection  with  the  outer  optic  nerve  by  means 
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of  one  of  the  filia-like  fibres,  which  he  illustrated  as 
coining  from  the  middle  of  the  septal  surfaces. 

Hesse,  in  1900  (32),  could  not  see  any  connection 
between  the  fibres  of  the  o[)tic  nerve  and  the  distal  cells, 
but  traced  the  nerve  fibres  between  them  to  connections 
with  the  interstitial  cells,  which  he  regarded  then  as  sense 
cells  but  not  ganglion  cells.  In  a  later  paper,  however 
(1907),  after  a  study  of  the  very  early  stages,  he  shows 
that  the  optic  nerve  is  already  connected  with  distal  cells 
before  the  interstitial  cells  are  in  existence.  According 
to  him,  the  nerve  fibrils  of  the  outer  optic  nerve,  after 
boring  through  the  septum,  pass  between  the  distal  cells 
and  connect  to  the  sides,  and  not  the  middle  of  the  septal 
surface  as  stated  by  Schreiner.  The  attachment  of  the 
outer  optic  nerve  to  the  distal  cells  is  practically  certain, 
but  there  is  still  great  doubt  about  the  interstitial  cells, 
and  though  I  could  trace  their  processes  to  the  cilia-like 
border,  there  could  be  no  certainty  of  connections  in  the 
confusing  mass  of  fibres. 

The  Interstitial  Cells  are  irregular  in  shape  and 
drawn  out  into  fine  branching  processes.  The  outer  inter- 
stitial cells  bear  processes  which  pass  between  the  distal 
cells  to  the  retina  surface.  The  inner  interstitial  cells  are 
very  much  flattened,  and  lie  in  such  close  proximity, 
wrapping  as  if  were  round  the  rod  cells,  that  their  niiclei 
were  first  taken  for  the  nuclei  of  these.  The  cells  are 
rather  small,  very  little  larger  than  the  prominent  nucleus, 
and,  in  addition  to  processes  extending  amongst  the  rod 
cells,  one  from  each  cell  penetrates  the  sieve  membrane 
and  lies  between  the  rods. 

The  nuclei  of  the  interstirial  cells  stain  very  darkly 
with  Haematein,  and  quite  differently  to  the  nuclei  of  the 
rod  and  distal  cells.  Hesse,  Patten  and  Schreiner  have 
regarded  the  interstitial  cells  as  sense  cells,     Schneider, 
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however,  on  tlie  fjround  of  structure,  the  nucleus,  and  the 
failure  to  prove  a  connection  with  nerve  fibres,  considers 
them  to  be  supportinj;  cells.  Until  the  difficulties  of 
followinn-  their  fine  fibrils  are  overcome,  it  will  be  better 
to  call  them  intersiilial  r-ells,  wliich  leaves  the  question 
of  function  open. 

Argentea  -  rndcrlyin^'  the  retina  is  this  layer  (fio-. 
29,  A )■(/.,  tig.  Ij4),  made  up  of  refractive  o-ranules.  This 
is  the  layer  which  g-ives  the  eye  the  beautiful  metallic 
appearance,  aided,  of  course,  by  the  pigment  layer — the 
tapetum.  Patten,  by  painting  several  white  lines  on  the 
base  of  llie  objective  and  focussing  down  on  a  large  eve 
I'emoved  from  the  mantle,  was  able  to  see  the  image 
formed  in  the  eye.  The  different  layers  could  be  followed, 
and  the  image  Avas  seen  to  be  most  distinct  just  before 
reaching  the  tajx'tuni  and  argenlea,  so  that  the  lens  and 
a)"gentea  together  act  as  a  true  o})tic  lens  and  mirror, 
and  foi'm  an  image  just  where  the  rods  are  placed  to 
receive  it. 

The  argentea  (wliicli  do(\s  not  g(Mierally  stain  in 
sections),  is  made  up  of  several  lamimie,  and  longitudinal 
sections  have  tlie  a])pearanc-e  of  a  series  of  layers  of  small 
iridescent  scales.  If  the  aigentca  be  looked  at  fi'om  the 
surface  (fig.  -{4),  it  is  seen  that  the  layers  are  formed  of 
numerous  very  small  and  altn(tst  s(|uaie  plates.  Tliest; 
are  arranged  regularly  togethei  in  one  ])lane,  so  that  the 
s()uai('  face  of  each  plate  is  in  the  |)laiit>  of  the  argentea, 
and  the  (ulges  only  are  seen  in  longitudinal  sections.  The 
argentea  is  thickest  in  the  centre,  where  the  laminae  are 
most  numerous,  and  towards  the  sides  it  thins  out.  There 
are  no  ii iidei  in  Ih is  la\-er. 

Tapetum.  Hrhiw  the  argentea  is  this  red  pigment 
layer  (tig.  J!*,  Tnji.].  11  is  of  considerable  thickness  in 
the  centre,  but,   like  ihe  aigenlea,   decieases  towai'ds  the 
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periphery,  and  terminates  at  the  poiiit  where  the  retina 
comes  in  connection  with  the  sides  of  the  optic  vesicle. 
The  tapetum  is  composed  of  larg-e  irregular  cells  arranjjed 
rather  irregularly  in  two  layers,  and  in  many  cases  the 
margins  are  difficult  to  define  owing  to  the  dense  pigment 
contained  in  them.  The  cells  contain  each  a  nucleus, 
often  obscured  by  the  pigment,  which  is  present  in  the 
form  of  rather  large  granules,  in  shape  something  like 
those  found  in  the  digestive  gland  cells,  but  of  quite 
a  different  colour-  a  dark  brown-red.  The  pigment 
granules  are  much  larger  than  those  found  in  the  cells  of 
the  iris. 

There  only  remains  to  be  described  the  inner  wall  of 
the  eye  vesicle  against  which  the  tapetum  rests.  Tliis  is 
known  as  the  sclerotica  (fig.  29,  Scl.),  and  is  a  diiteren- 
tiation  of  the  connective  tissue  of  the  stalk,  which  becomes 
tough  and  hyaline  and  stains  rather  more  deeply  than  the 
surrounding  tissue.  It  passes  into  the  septal  membrane 
at  the  edge  of  the  retina,  so  that  septal  memljrane  and 
sclerotica  together  form  a  closed  vesicle  in  which  is 
situated  retina,  argentea  and  tapetum,  tlie  Avliole  being 
known  as  the  ommateal  sac. 

Optic  Xei-A^es. — The  eyes  are  innervated  by  optic 
nerves,  which  arise  from  the  circunqjallial  nerve  and  ])ass 
through  the  centre  of  the  eye  stalk  (fig.  29,  O-p.  n.)  until 
the  eye  vesicle  is  almost  reached.  Here  the  nerve  divides 
into  two  branches,  one  of  w-hicli,  the  inner  nerve 
(Op.  n.  i.),  continues  its  course  until  immediately  below 
the  sclerotica,  where  it  breaks  up  into  many  bundles  of 
nerves,  which  radiate  from  this  point  and  ascend  on  all 
sides  of  the  eye  vesicle  to  reach  the  periphery  of  the 
retina  where  they  are  continuous  with  the  rod  cells.  The 
other  branch,  the  outer  nerve  (fig.  29,  Op.  n.  o.),  passes 
distally  on  the  shell  side  of  the  eye  stalk,  and,  as  already 


444       TRANSACTIONS    LTVKRPOOT.    BTOT.OGICAL    SOCIETY. 

described,  passes  over  the  surface  of  the  septal  membrane, 
perforates  it,  and  its  fibres  unite  witli  the  distal  cells. 

As  to  the  function  of  the  eyes  in  Pecten,  Patten, 
apparently  in  order  to  surmount  the  ditficidty  of  an 
animal  Imving-  more  than  two  eyes  of  such  complexity, 
has  advanced  the  theory  that  they  are  orjj^ans  for  the 
reception  of  solar  ener<yy,  which  is  then  transmitted  alonf* 
the  optic  nerves  to  centres  where  it  is  used  in  ih(^ 
buildinsf  up  of  proto])]asmic  compounds,  or  in  metabolism 
o-enerally.  Leavin<j  aside  the  pliysioloo-iml  objections  to 
such  an  idea,  wliich  has  been  severely  criticised  by  more 
recent  Avorkers,  it  will  be  seen  that  Patten  assumes  the 
structures  are  sucli  as  would  be  evolved  for  tlie  purpose  of 
receiving  solar  enei'p-y,  the  rays  of  wliicli  are  concentrated 
by  the  lens. 

A  lens,  however,  cannot  inci'(>as(^  the  sohii'  ciierfry 
falling  upon  its  surface,  it  can  only  (  ause  the  rays  to  fall 
upon  a  smaller  area  of  the  relina.  In  a  review  of  Patten's 
paper  in  the  Q.  T.  M.  S.  for  1SS7.  it  was  poini(Ml  out  tliai 
■'  a  naked  epidtM'mic  sui'face  of  area  e(|ual  to  thai  of  the 
lens  would  ])resent  a  perfect  instnimcnt  for  the  absoi'plion 
of  solar  enerf^y." 

(Observations  cariied  out  on  Pectens  livinn^  in  the 
tanks  at  the  Port  I'h-in  liiolof^ical  Station  liave  shown  thai 
tliey  are  very  sensitive  both  to  lip-ht  and  to  sound  waves. 
If  a  daik  object  is  moved  in  fiont  of  a  Pecten  so  that  the 
shadow  falls  ovei'  the  eyes,  a  lapid  closint>-  of  the  valves 
immediately  follows.  A  sudden  increase  in  the  illumina- 
tion apparently  ]U-oduces  no  effect.  The  flash  ino-  of  the 
liorht  from  a  bi'ini-ht  lantein  on  the  animals,  wliich  have 
the  valves  o|)(mi  and  the  tentacles  extcMidcd  in  lh(>  darkness 
of  the  ac(uariuin  at  nii^-ht.  causes  no  j'ct  lact  ion  or  closure 
of  the  valves. 

It  is  r)bvious  ihal  with  a  lens  foiininy  an  inia<''(^  on  a 
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retina  of  such  a  type  as  is  present  liere.  tlie  several  eyes 
Avill  have  but  a  limited  area  from  which  rays  can  he 
fociissed  on  the  receptive  surface.  I  have  never  observed 
the  eyes  of  Pecten  beinfj  moved  in  various  directions,  they 
can  only  form  an  imao-e  of  some  object  directly  in  front  of 
them.  This  will. account  for  the  need  of  such  a  minihot 
of  eyes,  if  they  are  to  be  of  real  use  as  visual  orjjans. 

EXCRETORY    SYSTEM. 

The  most  important  renal  excretory  org^ans  are  the 
paired  glands  (fig.  1.  R.  o.)  lying  at  the  sides  of  the 
visceral  mass,  and  sometimes  known  as  nephridia.  They 
were  formerly  termed  the  organs  of  Bojanus,  after  tlieir 
discoverer,  who  first  described  them  in  1819. 

Morphologically,  they  are  like  nephridia  only  in  as 
far  as  they  open  on  the  one  hand  to  the  exterior  and  on 
the  other  liand  into  the  pericardium — the  remains  of  the 
coelom.  But,  since  they  are  out-growths  from  the 
coelom,  they  are  true  coelomoducts. 

In  Pecten,  they  are  elongated  pouches  of  a  light  to 
dark  brown  colour.  They  are  attached  to  the  anterior 
surface  of  the  adductor  muscle,  on  each  side  of  the 
visceral  mass,  and  lie  ])etween  the  latter  and  the  ctenidia, 
extending  over  the  miiscle  for  about  90^  from  the  region 
of  the  digestive  gland  to  near  the  last  point  of  attachment 
of  the  visceral  mass. 

They  are  slightly  asymmetrical,  the  left  l)eing  the 
larger  of  the  two,  and  this  difference  is  con-elated  with  the 
position  of  the  visceral  mass.  The  organ  lies  directly  on 
the  adductor,  the  glandular  walls  being  separated  from  it 
by  connective  tissue.  The  outer  wall  of  the  organ  of 
Bojanus  is  formed  by  a  direct  continuation  of  the 
epithelium  of  the  visceral  mass  over  it,  on  its  way  to  form 
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the  epidermis  over  the  p-iH  axis.  The  coelomoducts  are 
flattened  sacs,  increasiiifj  in  width  from  tlieir  upper  ends 
and  widest  at  a  point  where  tlie  afferent  branchial  vessel 
leaves  them.  Fi-om  this  point  they  narrow  rapidly  to 
their  distal  end,  which  is  pointed  and  lies  close  to  the 
visceral  mass.  They  are  simple  hollow  sacs  with 
(glandular  Avails,  and  the  organs  are  not  bent  on  them- 
selves as  in  Anodon,  nor  are  there  two  cavities  which  differ 
in  position  and  structure.  The  external  openings  (fig.  1, 
Ro.,  rp.)  are  the  renal  reproductive  apertures  by  which 
the  excrete  matters  from  the  pericardial  gland  and  the 
coelomoducts,  together  with  the  ova  and  spermatozoa,  pass 
t(i  tlic  exterior.  They  are  prominent  A'crtically-placed 
slits,  the  long  axis  of  the  opening  lying  almost  in  the 
same  direction  as  that  of  the  organ  itself  and  situated  very 
near  the  distal  end,  rather  on  the  free  surface  of  the  gland. 
The  slit  has  prominent  lips,  which  are  often  white  in  fresh 
or  spirit  specimens,  and  thus  contrast  with  the  brown 
colour  of  the  organ  itself. 

The  reno-pericai'dial  opening  is  very  ditlicult  to  find, 
and  can  only  be  niad*^  out  with  certainty  by  serial 
sections.  Tlie  jiericardium  cannot  be  injected  from  the 
renal  organs,  so  that  the  passage  of  fluids  from  the  coelo- 
moducts to  the  pericai-ilium  is  ])ievented.  It  has  been 
pointed  out  that  the  [xMicar'diuin  is  ])rolonged  at  (>ach  side 
of  the  digestive  gland,  and  between  it  and  the  adductor, 
so  as  to  form  two  somewhat  deep  pouclies,  in  whicli  lie 
the  distal  port  ions  of  I  he  two  aui'icles  com  niuiiicat  ing  wit  h 
the  efferent  lirancliial  vess(^l^.  In  the  pallial  cavity,  veiy 
close  to  the  digestive  gland,  thcic  is  a  nook  foimed  by  the 
mantle,  visceral  mass  and  digestive  gland.  Just  at  this 
])oinl  tJK!  cfViM'cnl  biandiial  vessel  and  the  npjx-r  end  of 
the  renal  organ  lie  alongside  eacdi  othei',  and  the  fornjcr 
pa.sses  into  the  pericardium;    the  latter  a  little  distance 


SEA-FISHERIES    LABOEATORY.  447 

below  its  upper  extremit}'  gives  oft'  a  tube  which  is  lined 
by  columnar  ciliated  cells,  differing  much  in  appearance 
from  the  glandular  cells  of  the  rest  of  the  renal  orcan. 
This  reno-pericardial  canal  passes  tO'  the  dor,>al  >ide  of  the 
efferent  branchial  vessel,  and  opens  into  the  peiicardiuni 
above  it  and  rather  to  the  outer  side,     lioth  renal  organs 
communicate  at  their  upper  ends  by  a  transverse  branch 
running    under    the    visceral    mass    above    the    adductor 
muscle.     The   cells    lining   this    channel   have    the    same 
appearance  as  those  lining  the  rest  of  the  cavity,  but  the 
walls  are  not  folded  and  the  space  l)etween  them  is  but  small. 
The  structure  of  the  renal  gland  is  as  follows  (hgs.  42 
and     43): — Lying     underneath     the     outer     epithelium 
(Hq;.  43,  tien.  cp.)  there  is  a  connective  tissue  layer  which 
forms     a     definite    sheath     and     supports     the     internal 
glandular  layer.     Longitudinal  and  circular  muscle  fibres 
occur  in  this  connective  tissue  sheath.     The  inner  surface 
of  the  gland,  bounding  the  cavity,  is  complicated  in  its 
folding.     This  can  be  seen  by  slitting  up  the  side  of  the 
renal     organ,     but     better     still    by     cutting     transverse 
sections.     The  whole  cavity  is  much  reduced  and  divided 
up    by    these    folds,    longitudinal    folds    predominating 
(fig.  6),  but  they  are  not  regular  and  appear  to  bifurcate 
and  anastomose.     The  folds  that  are  seen  with  the  naked 
eye  are  really  themselves  made  up  of  numerous  folds,  as 
shown  by  the  sections  (fig.  43);    and  so  in  this  way  the 
glandular  area   is  increased  very   much,    aiul  the   cavity 
broken  up  and  reduced  in  size.      Two  layers  are  concerned 
in    the   formation   of    these   folds,    the    connective    f issue 
(fig.    42,    R.  con.)    and    the    glandular    layer    (Re>7.    c). 
From    the    prominent    connective    tissue    sheath    which 
surrounds  the  organ,  folds  are  given  off  which  support  the 
epithelium.     Thus,  both  layers  are  seen  together  forming 
the  folds. 
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There  are  two  series  of  spaces  seen  in  sections 
throug^li  tlie  tjland — the  Inmen  or  (jland  cavity  lined  by 
epitlieliuni  with  all  its  diverticula,  and  the  blood  spaces 
bonnded  by  tlio  r-onnective  tissne  in  which  they  lie 
(figs.  42  and  4-!,  Ren.  r.)  and  containing  scattered 
corpuscles,  so  that  the  Idood  is  only  separated  from  the 
g-landular  epitherinm  by  a  thin  layer  of  connective  tissne. 

The  glandular  epitlielinm  is  composed  of  cells  whioli 
are  about  three  times  as  tall  as  their  width.  The  cells  do 
not  contain  much  stainable  protoplasmic  contents,  and 
high  magnification  shows  that  they  are  much  vacuolated 
with  the  protoplasm  situated  near  to  the  cell  bases, 
towards  whirh  end  the  nucleus  is  also  to  be  found.  The 
large  vacuole  occupying  most  of  the  cells  is  filled  by  a 
refractive  colourless  or  slightly  brown  crystalline  body, 
which  is  a  concretion  of  excrete  matter.  The  free 
surfaces  of  the  cells  facing  the  lumen  of  the  gland  bear 
delicate  processes  almost  exactly  like  cilia,  so  that  in 
some  places  it  is  very  difhcult  to  detect  any  difference. 
They  are  irregular  in  distribution,  sometimes  quite 
abundant,  and  have  also  a  beaded  appearance  which  makes 
them  a  little  unlike  cilia  which,  moi-eover,  have  not 
been  found  on  ilic  c(>lls  of  llie  renal  organ  of  Lamelli- 
branclis  It  is  unusual  foi'  (^xcretory  cells  (loaded  with 
excrete  matlcr  in  niany  cases)  to  have  cilia,  and  I  am 
inclined  1o  iliink.  lliercforc,  Ihat  this  very  cilia-like 
appearance  is  due  lo  an  (>xcretion  which  tak(>s  place  in  a 
fibrous  manner.  There  are  generally  present  in  the 
lumen  of  th(»  oigau  masses  whicJi  look  as  if  Ihey  contained 
these  cilia-liUc  processes.  In  Ihc  figure  (fig.  52)  these 
are  ioo  mucli  like  cilia,  atnl  arc  rather  loo  regularly 
disposed.  In  add il  ion  lo  ih(\se  j)rocesses  there  are  always 
to  be  found  celL-  in  I  lie  act  (d  extrusion,  so  that  by  actual 
dehiscence  of  the  cells   lh(>  excretion    is   tlu-owii    into  the 
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cavity  of  the  duct.  The  opening  to  the  exterior  is  lined 
for  a  short  distance  with  non-fjlandnhir,  more  compact, 
normal  ciliated  epithelium,  the  lips  being  formed  by  a 
slight  development  of  cushions  of  connective  tissue. 

In  addition  to  the  organ  of  liojanus,  excretion  is 
carried  on  by  the  pericardial  glands.  These  are  confined 
to  the  auricles,  to  which  they  give  a  very  distinct  brown 
tint.  The  auricle  has  the  wall  thrown  into  numerous 
pockets,  which  increase  its  surface.  It  is  formed  of  a 
single  layer  of  epithelial  cells  (tig.  liJ,  Aur.),  somewhat 
flattened,  and  with  prominent  nuclei.  Internal  to  this, 
there  is  a  considerable  amount  of  loose  connective  tissue 
with  scattered  muscle  fibres,  and  amidst  these  lie  the  cells 
[Aur.  ex.)  which  by  reason  of  their  contents  give  the 
brown  colour  to  the  surface.  They  are  large,  and  very 
similar  in  form  to  those  described  in  the  connective  tissue 
sheath  of  the  alimentary  canal,  except  that  more  proto- 
plasm appears  to  be  present ;  oval  in  shape,  with  the 
nucleus  near  one  end,  and  the  rest  of  the  cell  almost  hlled 
by  a  mass  of  some  refractive  structureless  substance 
surrounded  by  a  thin  cortex  of  protoplasm.  Usually,  the 
large  mass  of  cell  contents  shows  a  granular  central 
portion  of  an  olive  green  tint,  and  surrounding  this  a 
part  which  stains,  like  connective  tissue  and  chitin,  a 
light  blue  with  ^lethyl-blue-eosin. 

The  two  forms  of  excretory  organs  already  described 
seem  to  perform  ditterent  work.  If  indigo  carmine 
solution  is  injected  into  the  animal,  it  will  be  eliminated 
by  the  cells  of  the  organs  of  Bojanus  ;  whilst  if  ammonium 
carminate  is  injected,  it  is  taken  up  by  the  pericardial 
excretory  cells. 

The  latter  cells,  which  have  been  described  as  placed 
chiefly  on  the  auricles,  occur  also  in  the  mantle,  the 
visceral  mass  and  around  the  intestine. 
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The  iirst  kind  of  cells,  iliose  lining  the  coelomoditcts, 
have  been  found  in  Lamellibianchs  to  contain  Urea  or 
Trie  Acid,  whilst  in  Fcclcn  ///^/,*7'»n/N  the  excretory  cells 
of  the  auricle  have  been  found  to  contain  llippuric  Acid 
(18).  In  both  cases  the  contents  are  extruded,  in  the 
former  into  the  cavity  of  the  coelomoduct  and  in  the 
latter  into  the  pericardium  (at  least  by  the  cells  of  the 
auricles),  from  wlience  tliey  pass  by  the  renal-pericardial 
openings   into  the  coelomoducts,  and  so   outwards. 

Finally,  there  are  granular  eosinophilous  cells,  which 
are  found  in  numbers  along  the  mantle  edge.  In  places 
they  can  be  seen  extruding  their  contents,  and  they 
probably  also  perform  some  excretory  function,  tliough 
since  none  are  found  in  the  connective  tissue  it  is  not  easy 
to  determine  their  origin. 

keprodijctiyk    Organs. 

The  ofenus  Pecten  is  interestijio-  l)e(ause  both 
unisexual  and  hermaphrodile  species  exist.  J',  fatni- 
coHdtu.^  (Mighels),  tlic  giaiil  scallop  of  America,  is 
unisexual.  J',  njit  rcuiaris  ami  /''.  iiKi.niiiiin  are  both 
liermaplii-odih'.  in  the  two  lallcr  species  the  reproduc- 
tive organs  arc.'  jxistcrior  and  Ncniial  (o  the  rudimentary 
foot,  forming  a  (ongne-like  nia^s  attached  to  and 
depending  fiom  liie  addudor  muscle  {'i'\^.  1.  Ga.o.  and 
Go.  s.).  Thev  do  not  exlejul  into  the  mantk'  or  cjici'oacli 
upon  other  organs,  even  wheJi  t'xpaiided  to  their  greatest 
extent  in  the  spawning  season. 

When  the  sexual  products  are  nearly  ripe  the  organ 
is  at  its  largest,  and  is  lirni  in  consistency  as  if  the 
contents  were  pressing  agaiiist  theii'  walls.  At  this  time 
the  male  portion  of  the  gland  (hg.  1,  Go.  s.),  which  is 
situated  most  dorsally  and  anteriorly,  extends  to  a  point 


StA-FISHElltES    LABOllA'roiiV.  -451 

about  midway  betweeu  llie  mouili  aud  the  foot  aud  abuts 
uu  tke  liver  lobules  at  this  point.  It  is  rather  flattened 
here,  but  from  a  point  immediately  below  the  foot  it 
contracts  considerably  from  side  to  side  and  becomes 
deeper.  The  deepest  part  is  where  the  male  abuts  against 
the  ovigerous  portion,  and  the  organ  gradually  tapers  to 
a  rounded  point.  Midway  between  this  free  end  and  the 
parieto-splanchnic  ganglion  it  is  attached  to  the  adductor 
by  the  connective  tissue  that  covers  the  under  surface  of 
the  muscle  and  the  adjacent  organs  of  Bojanus.  The 
whole  of  this  mass  is  not  gonad,  for,  as  described  above, 
part  of  the  alimentary  canal  courses  through  it  (hg.  1, 
^1/.  c.  3,  Al.  c.  4),  and  is  thus  surrounded  b}'  the  sexual 
organs ;  but  the  intestine  does  not  penetrate  to  the 
ovigerous  part  in  F.  operculavis,  whereas  in  F.  maxinms 
it  runs  almost  to  the  end  of  the  mass. 

The  ovigerous  part  occupies  the  hinder  end,  and  can 
be  easily  distinguished  from  the  male  part  when  the 
products  are  ripe,  for  it  has  a  beautiful  vermilion-pink 
colour,  becfjming  deeper  as  the  eggs  approach  maturity. 
During  the  ripening  of  the  products,  the  male  jjart 
becomes  cream  coloured,  and  the  junction  of  the  cream 
and  red  is  quite  sharp  though  irregular  in  outline,  and 
there  may  be  islands  of  ovigerous  tissue  surrounded 
completely  by  the  male  organ,  or  the  female  part  may 
extend  a  considerable  way  forwards  into  the  centre  of  the 
seminal  portion  which  then  lies  on  the  exterior.  After 
discharge  of  the  contents,  or  when  collected  before  the 
products  have  developed,  the  organ  has  a  shrunken  and 
flabby  appearance,  and  is  of  a  yellowish-brown  colour, 
and  the  intestine  may  be  seen  through  it. 

The  male  and  female  products  of  the  one  individual 
do  not  appear  to  be  ripe  at  quite  the  same  time,  though 
there  cannot  be  much  difi'erence  in  this  respect.    Fullarton 
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found  that  when  the  ova  were  quite  ripe  the  spermatozoa 
had  either  been  shed  or  were  not  quite  ripe,  some  being 
found  with  ripe  ova  and  sperm.s  not  ripe  and  others  just 
the  converse.  The  same  applies  to  P.  //la.f/unis,  and  the 
difference  in  the  time  of  maturity  of  ova  and  sperms 
cannot  be  more  than  a  few  days. 

Specimens  of  /''.  opcrciilar/.s  witli  ripe  gonads  have 
^been  obtained  at  all  times  of  the  year  on  the  scallop  beds 
in  the  Firth  of  Forth,  the  maximum  of  reproductive 
activity  being,  liowever,  in  Jidy  and  August.  Pcdcn 
vui.vhnus  has  been  dredged  oif  Port  Erin  with  ripe  gonads 
in  December,  April,  May  and  throughout  the  summer, 
and  in  the  same  condition  off  Belfast  Lough  in  February 
and  March,  so  that  the  reproductive  activity  extends  at 
least  over  the  greater  part  of  the  year. 

The  gonads  have  one  opening  on  each  side  into  the 
renal  organ,  situated  near  the  pericardial  end,  at  the 
level  of  the  prominence  on  each  side  of  tiie  visceral  mass 
near  the  attacliinent  of  liie  h)wt>r  ends  ol  (he  inner  labial 
pal])s.  'I'he  ilucis  can  be  liaced  in  serial  sections,  and 
although  the  opening  cannot  be  made  out  in  dissections, 
it  is  pO'Ssible,  by  pressing  the  lipe  gonad,  lo  forces  the 
products  out^  into  thi^  icnal  oigan,  though  care  must  be 
taken  not  to  force  Ihetn  thiougii  one  of  the  veins  leading 
from  the  visceral  tnavs,  w  hich  may  be  easily  mistaken  for 
the  oviducts.  The  |)i-o(lncts  of  the  gonads  must  be  poured 
directly  into  the  sea  ihiougli  the  renal  organ,  and  tlnis 
fertilisation  takes  ])lace  externally. 

The  gonad  consists  of  many  branched  lubuli  (iig.  n'4, 
(jo.  (I.),  ])eaiing  numerous  almost  s])herical  sacs,  the 
alve(di  (hg.  o-J,  (io.nl.s.  and  d'o.  a/,  o.).  The  se.xual 
products,  spermatozoa  or  ova  a(;cording  to  the  position, 
arise  by  the  proliferation  of  the  cells  forming  the  germiiutl 
epitlu'lium  on    the    walls   of   the  alveoli.      As    the  gonads 
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ripen  the  alveoli  become  filled  with  the  prodiicts,  and 
thus  there  is  a  g^eneral  expansion  of  the  reproductive 
mass,  and  the  alveoli  near  the  surface  appear  to  the  naked 
eye  as  rounded  elevations  or  as  small  eggs. 

In  teased  preparations  of  the  ripe  ovary  the  alveoli 
are  so  numerous  that  it  is  ditticult  to  see  the  connecting 
tubules,  but  in  sections  rhey  are  easily  traced  by  their 
ciliated  lining,  and  may  be  seen  gradually  joining  up  to 
form  the  reproductive  ducts.  These  ducts  can  only  be 
definitely  traced  by  serial  sections,  but  in  some  specimens 
of  P.  maxitnus  the  duct  on  the  right  side,  which  is  by  far 
the  largest,  can  be  seen  witii  the  naked  eye  as  a  thick 
white  thread  running  parallel  with,  and  very  close  to, 
the  junction  of  visceral  mass  and  renal  organ  until  it 
opens  into  the  latter.  If  the  point  of  an  injecting  syringe 
is  inserted  near  the  opening,  this  duct  may  sometimes  be 
injected,  but  unless  it  is  visible  through  being  near  the 
surface,  care  must  be  taken  not  to  mistake  an  injected 
arterial  vessel  for  it.  The  duct  on  the  left  side  is  mu«di 
smaller  and  only  extends  a  little  way,  acting  as  conduit 
for  the  male  portion  on  the  left  side  in  the  neighbourhood 
of  its  opening.  The  rest  of  the  gonad  is  supplied  by 
branches  of  the  large  duct  which  opens  on  the  rio-ht. 
The  main  ducts  are  lined  by  an  epithelial  layer  of 
columnar  ciliated  cells  (fig.  -34,  Go.  cL),  the  height  of 
which  is  about  twice  the  diameter,  while  the  cilia  are 
about  as  long  as  the  cells.  This  epithelial  layer  is 
supported  by  somewhat  delicate  connective  tissue  which 
is  continuous  with  the  scattered  strands  that  cross  in  all 
directions  and  pass  round  the  alveoli  and  the  ducts, 
forming  a  framework  for  the  reproductive  organs. 

This  columnar  ciliated  epithelium  passes  into  the 
flattened  germinal  epithelium  (fig.  o^,  Ge.  ep.)  lining  the 
alveoli,  and  in  the  ovarian  region  ova  in  various  stages 
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of  development  (fig.  53,  0' .)  can  be  seen  attached  to  the 
wall,  but  graduall}'  projecting  more  and  more  as  tkey 
increase  in  size  until  tliey  are  set  free  in  the  cavity 
(fig.  53,  0.). 

The  ova  are  large  cells  about  O'Oo  mm.  in  size,  and 
when  lying  in  the  alveoli  are  polyhedral  in  shape.  The 
nucleus  is  very  large,  spherical  or  oval  in  shape,  and  about 
two-thirds  the  diameter  of  the  ceil.  A  delicate  network 
is  jiresent,  extending  over  the  nucleus,  and  in  addition, 
they  are  small  granules  staining  with  eosin,  and  a 
conspicuous  nucleolus.  This  is  situated  close  to  the 
periphery  at  one  side  of  the  nucleus.  In  some  cells  more 
than  one  nucleolus  is  present,  there  being  often  a  large 
and  two  smaller  ones  at  its  sides. 

The  cytoplasm  is  granular  and  dense,  and  around  the 
ovum  is  a  prominent  vitelline  membrane  which  leaves  an 
opening — the  micropyle,  at  the  point  wliere  the  egg 
remained  last  attached  to  the  epitlu'liiiiu  of  (he  alveolus. 

The  spermaio/oa  (iig.  •"):),  >S'.j  are  rallicr  small  and  of 
the  typical  shape;  in  fixed  preparadojis  the  head  is  oval 
in  shape  and  stains  very  intensely.  From  the  middle  of 
the  broad  end  a  long  Hagi'lluiu  arises.  In  (he  alveolus 
the  tails  of  the  spermatozoa  arc;  geneially  ;t]l  directed  in 
the -same  way  towards  a  point  in  the  centre  or  iiearer  one 
end  where  the  duct  opens,  whilst  the  heads  are  directed 
towards  the  wall  of  the  alveolus.  Jioth  spermat(jzua  and 
ova  travel  along  the  same  gonoducts  to  llie  exterior. 

EMBUYOLOGY. 

I  have  been  unable  to  obtain  enough  specimens  of 
1\  niaa:imus  sufficiently  ripe  at  the  same  time  to  artificially 
fertilise  the  eggs,  but  hope  to  continue  this  work 
at  some  future  date.        It  has  been   already   pointed   out 
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thai   the  generative  organs  are  not   ripe  siniultaneo\i,sly, 
but    that  a   very   short   interval  of   time  separates  them. 

The  (levelo})ment  of  P .  opci-cahiris  has  been  worked 
out  by  FuUarton  (40).  lie  fertilised  the  eggs  by 
mincing  the  ovarian  and  seminal  parts  into  two  glass 
vessels  of  sea  w^ater,  which,  after  straining  through 
muslin,  were  mixed. 

The  polyhedral  i^^^  cells  soon  as.^ume  a  spherical 
shape,  the  time  varying  according  to  the  state  of 
jnaturity,  from  a  few  minutes  to  half  an  hour.  A  vitelline 
membrane  is  clearly  visible,  and  a  delicate  hyaline 
investment  can  be  sometimes  observed  outside  the 
bounding  wall  of  the  ovum.  A  considerable  quantity  of 
granular  deutoplasm  is  also  present,  which  partially 
obscures  the  nucleus.  The  size  of  the  ovum  is  0'0()8  mm. 
After  fertilisation  a  polar  globide  is  extriuled,  wliich  in 
many  cases  remains  in  contact  with  the  oospliere  for  a 
considerable  time.  The  next  visible  change  that  takes 
place  is  that  the  contents  become  much  clearer  at  the 
animal  pole.  This  end  is  prolonged,  so  thai  the  oosphere 
becomes  pear  shaped,  and  eveJitually  a  constriction  appears 
and  the  eimbryo  divides  into  a  macromeie  and  a  micro- 
mere,  the  latter  occupying  the  animal  pole.  A  second  and 
a  third  mi(-romere  are  then  budded  ott'  from  the  macro- 
mere,  and  so  the  four-celled  stage  is  reached.  The 
micromeres  now  become  active,  and  each  sub-divides  into 
two,  and  they  gradually  spread  (jver  the  surface  of  the 
macromere  until  it  is  almost  covered  by  them.  The 
macromere  now  begins  to  segment,  two  equal  cells 
resulting  from  the  first  division,  which  are  the  hrst  two 
cells  of  the  endoderm.  These  continue  to  divide,  and  are 
completely  enclosed  by  the  micromeres,  which  form  the 
ectoderm  and  become  ciliated ;  the  continuity  is  broken 
at     one    point,     however — the     blastopore.       The     next 
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occurrence  is  the  development  of  a  furrow  proceed inf» 
from  a  small  depression  on  the  surface  f)f  llie  embryo, 
wkich  is  the  early  shell  {^land. 

A  velum  is  developed  as  a  circular  ri(ljj;e  covered  wiUv 
\on^  cilia,  and  encirclinji^  the  embryo  between  the 
blastopore  and  the  shell  ^land.  The  sta<res  following 
have  not  been  observed  in  I\  opcrcnlaris,  but  ])robably 
there  are  one  or  two  lon«i^  apical  cilia  developed  in  the 
centre  of  the  velum,  and  the  embryo  elongates  in  the 
direction  of  the  axis  of  these  cilia,  though  in  the  stages 
which  Fullarton  observed  with  the  shell  valves  developed, 
there  were  neither  apical  cilia  nor  flagellum  present.  A 
trochospere  larva  is  thus  formed,  with  a  velum  but  no 
shell.  Later  the  mantle  folds  are  developed  and  two 
shell  valves,  and  the  veligcr  stage  is  entered  upon, 
locomotion  still  being  carried  on  by  the  velum,  which  is 
extended  beyond  the  margins  of  the  valves  and  is  retracted 
by  two  velar  muscles.  A  single  adductor,  the  anterior,  is 
developed,  and  the  alimentary  canal  formed  ;  the  mouth- 
opening  being  just  ])ostcrior  to  the  velum,  and  the  anus 
(dose  to  the  mouth. 

ECONOMKJ     l.M  POKTAM'E. 

Pi'cltn.  ojxrcu/dris  occurs  in  large  beds  which  are 
found  in  nuiny  localities  lound  the  liiitisli  Isles.  In 
most  of  thes(;  places  little  use  seems  to  be  luadt;  of  the 
scallops,  though  iliey  migiit  be  of  consideiablc  valu(!  both 
as  food  and  l)ait.  Tiie  sj)ecies  oc(-urs  in  such  abujidance 
in  the  Filth  of  Foitli  that  an  i,inj)ortant  industry  has 
arisen,  which  once  employed  a  considerable  number  of 
hands,  though  in  I'ccent  years  the  number  has  diminished. 
In  Scotland,  /^  (ipcrcularis  is  known  as  the  "clam," 
though   it  must  be  remcnibeicd   that  this  name  has  been 
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applied  also  to  other  (joiiora   of  marine  Lamellibranclis, 
both  round  our  own  coasts  and  in  America. 

The  condition  most  favourable  for  the  formation  of 
a  Pecten  bed  is  a  shelly  bottom,  with  a  little  mud.  Too 
much  hue  mud  is  detrimental.  The  most  favourable 
depths  are  from  five  to  twenty  fathoms,  thouofh  the  species 
occurs  sporadically  in  much  deeper  water,  but  not  in 
communities.  The  animal  seems  to  be  readily  injured  by 
a  low  temperature,  and  in  the  year  1S95  larj^e  numbers 
were  killed  in  the  Firth  of  Forth  by  tlie  lonof  continued 
cold  weather. 

Scallop  dredging  extends  almost  throughout  the 
year  in  the  Firth  of  Forth,  but  verv  little  eroes  on  during 
the  time  of  the  herring  fishing  in  summer,  and  this  is  the 
time  when  the  shellfish  are  least  valuable,  for  owing  to 
their  gaping  shells  and  their  habit  of  clapping  the  valves 
the  sea  water  cannot  be  enclosed,  as  in  the  mussel  or 
oyster,  and  the  animal,  consequently,  soon  dies  when 
removed  from  the  water. 

The  dredge  used  foi-  the  purpose  of  clam  fishing  is  an 
)yster  dredge  of  five  to  six  feet  in  breadth  of  mouth.  The 
net  attached  to  the  frame  is  made  up,  on  the  lower  side, 
of  a  series  of  iron  rings  laced  together  wilh  short  pieces 
of  wire,  so  that  repairs  can  be  very  easily  made  with 
additional  rings  and  wire.  The  upper  side  of  the  net  is 
composed  of  ordinary  twine.  The  clams  are  mostly  used 
for  the  baiting  of  long  lines,  five  hundred  clams  being 
required  for  a  line  of  one  thousand  hooks. 

With  regard  to  the  value  of  clam  as  bait,  experiments 
have  been  carried  out  by  the  Scottish  Fishery  Board, 
from  whose  reports  the  figures  given  have  been  taken. 
The  lugworm  (Arcnuola)  seems  to  have  given  the  best 
results,  though  the  mussel  {Mytihis)  and  clam  (Pecten) 
come  close  after,  and  the  three  are  probably  about  equally 
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successful.  The  clnms  are  preferred  most  in  winter  and 
least  in  summer,  when  they  soon  die.  Since  the  shell 
valves  do  not  fit  closely,  as  already  pointed  out.  Pecten 
cannot  stand  as  mucli  exposure  to  the  air  as  most  of  our 
edihle  molluscs,  and  this  will  always  be  a  ditticultv  in 
transportino;  to  the  markets. 

Pecten  have  been  put  to  a  most  interesting  use  at  the 
large  trout  hatchery  of  llowiefown.  near  Stirling.  The 
breeding  trout  in  their  tifth  year  are  fed  with  more 
mussels  and  less  horse  flesli,  and  in  the  sixth  year  clams 
(Pecten)  are  substituted  for  mussels.  It  is  found  that  the 
f>va  from  trout  of  six  to  eight  years  of  age  have  a  pink 
colour  when  the  fish  are  fed  on  clams.  Trout  thus  fed  on 
(dams  yield  the  smallest  number,  proportionately,  of  eggs, 
but  these  are  of  the  largest  size  and  darkest  colour,  and 
these  have  been  fouiul  Id  W  ihe  nnvst  valuable  ova  for 
rearing  ]iuiposes. 

There  seems  to  be  no  reasmi  why  the  scallop  should 
not  become  much  more  im])()r(aiit  as  a  source  of  food,  and 
it  is  eaten  bdth  vaw  and  cooked  by  lhf)sc  on  the  lishing 
grounds  and  a  few  others  who  are  aware  of  the  delicacy 
of  its  flavour.  It  has  a  ])(>culiaily  sweet  taste,  which  is 
prefei'red  l)y  some  lo  that  of  the  oysier.  .Vt  Billingsgate, 
Perfcii  iiKi.riniiis  (known  in  Ihe  trade  as  "  Escallops  ")  are 
iiol  iiiark'(>1c(l  in  sniiiinci.  'I'lie  season  begins  in  Xovemb(>r 
and  continues  nnlil  Maich.  and  generally  the  (hunand 
appears  to  excet^l  ihe  su|)])ly.  Dutiiig  ihe  winter  season 
of  lOOT-OS  the  sup])lies  wei(>  lh(>  lightest  for  years,  with 
prices,  perhaps,  the  highest  ever  reached.  AVholesale 
prices  averaged  from  2os.  to  4os.  per  bag  of  tw(Mity  dozen. 
In  the  Livci'pool  Y'\A\  ^laikct.  the  si^ason  is  piactically 
the  same  as  at  Bill  in;_''sgate.  viz..  IVoni  Xovcmber  to  May, 
and  December  is  the  heaviest  nH)nlh.  The  average 
number  of  .scallops  is  about    five  Inindred  each  week,  and 
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the  price  Is.  3d.  per  dozen.  They  are  caught  by  sailing 
trawlers  in  the  Irish  Sea,  the  greatest  quantities  being 
found  between  Fleetwood  and  Douglas  (Isle  of  Man).  In 
the  Isle  of  Man,  Fecten  mauinDis  is  known  locally  as 
"  tanrogan,"  and  P.  o percularis  as  "  queens.''  When 
trawled  they  are  occasionally  used  as  food,  and  a  few 
connoisseurs  cure  and  pot  them. 

Little  or  no  use  seems  to  be  made  of  the  large  bed  oif 
Port  Erin,  which  might  supply  the  fishermen  of  that  place 
and  Peel  with  bait  for  the  long  lines. 

The  following  are  the  quantities  and  values  of  the 
"clams"  (P.  o percularis)  landed  from  the  Firth  of  Forlli 
1)eds  for  the  last  twenty  years,  from  1888  :  — 

1888,  20,674  cwt. 

1889,  23,811  cwt. 

1890,  25,706  cwt. 

1891,  28,512  cwt. 

1892,  20,769  cwt. 

1893,  17,684  cwt. 

1894,  25,583  cwt. 

1895,  19,535  cwt. 

1896,  22,353  cwt. 

1897,  19,258  cwt. 

It  will  be  seen  from  the  above  that  a  great  falling  off 
in  the  clam  industry  is  recorded,  especially  beginning 
with  the  year  1900.  This,  together  with  the  slight 
increase  from  the  years  1904  onwards  is  to  be  put  down  to 
the  decline  in  line  fishing  and  the  slight  revival  in  the 
last  few  year.^  recorded,  and  not  to  any  decrease  in  the 
actual  number  of  the  Pecten  on  the  beds. 

Xo  figures  are  given  in  the  English  Fishery  Reports 
of  the  value  or  quantity  of  scallops  landed,  but  they  are 
j-ecorded  as  being  fished  from  several  places — Scarborough, 


£2,918 

1898, 

14,013  cwt.    . 

..  i' 1,595 

2,563 

1899, 

12,125  cwt.   . 

..     1,485 

3,297 

1900, 

6,372  cwt.   . 

861 

3,347 

1901, 

6,587  cwt.    . 

802 

2,736 

1902, 

4,320  cwt.    . 

bm 

2,388 

1903, 

4,606  cwt.    . 

637 

3,317 

1904, 

6,993  cwt.    . 

944 

2,645 

1905, 

7,848  cwt.   . 

..     1,129 

2,915 

1906, 

7,391  cwt.    . 

..     1,083 

2,408 

1907, 

7,197  cwt.    . 
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Brightlinorsea.  Dover,  Xewliaven,  Weyninuth.  Ports- 
moiitli.  <!cc.—  in  almost  every  case  the  scallfip  tishiiig  beinj? 
carried  on  during  the  winter  months. 

P]'(»hahly  iinrccorthMl  or  occasional  scallop  fishing  is 
carried  on  at  many  other  places,  not  as  an  independent 
industry,  but  to  obtain  bait  for  the  lines  of  a  few  local 
fishermen.  It  is  certain,  moreover,  that  much  could  be 
done  to  hicate,  improve  and  exploit  beds  of  this  useful 
shellfish  if  a  greater  demand  for  it  arose  in  the  future, 
either  as  lunnan  food  or  as  bait  for  the  fishino'  lines. 
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DESCRIPTION     OF     PLATES. 


Reference  Letters. 


a.  =  Hepatic  artery. 

A.  add.  =  Adductor  artery. 

A.  c.  =  Circuuipallial  artery. 

A.  I.  =  Labial  arteries. 

A.  p.  =  Pedal  artery. 

A.  p.  a.  =  Ant.  pallial  artery. 

A.  p.p.  =  Post,  pallial  artery. 

A.  r.  =  Rectal  artery. 

A.  s.  =  Striped  part  of  adductor. 

A.  u.  =  Unstripsd  ditto. 

A.  V.  =  Visceral  arteries. 

Al,  Al'.  Al".  =  Alveolus  digest,  glaud. 

Al.  c   1.  =  Oesophagus. 

Al.  c.  2.  =  Stomach. 

A.  I  c.  2'  =  Ant.  leftlat.  depression,  ditto. 
Al.  c.  2"  =  Post,  ditto. 

.4.1.  c.  3.  =  Descend,  loo])  of  intestine. 

Al.  c.  4.  =  Ascend,  loop  of  intestine. 

Al.  c.  5.  =  Rectum. 

An.  =  Aniis. 

Ao.  a.  —  Anterior  aorta. 

Ao.  p.  =  Posterior  aorta. 

Arg.  =  Argentea. 

Aur.  =  Auricle. 

Aur'.  =  Wall  ditto. 

Aur.  C.  —  Trausv.  connect,  ditto. 

Aur.  e.t.  =  Excret.  cells  ditto. 

Aur.  m.  =  iluscles  ditto. 

Ax.  f.  =  Axial  fibril  of  Rods. 

Bl.  c.  =  Blood  corpuscles. 

B.  g.  =  Byssal  Gland. 

B.  g.  <■.  =  Byssus  cells. 
Br.    =  Branchia. 

Br.  a.  —  Ascending  lamella  of  Branch. 

Br.  a'.  —  Termination  ditto. 

Br.  aff.  =  Affer.  branchial  vein. 

Br.  aff'.  =  Entrance  to  ditto. 

Br.  ax.  =  Ctenidial  axis. 

Br.  d.  =  Descending  lamella. 

Br.  eff.  =  Eft'er.  branchial  vein. 

Br.  j.  I.  =  Intei-lamellar  septum. 

Br.  m.  —  Long.  mus.  ctonidiura. 

Br.  r.  =  Respir.  expans'n  prin.  tilam't. 

Br.  V.  =  Blood  vessel  of  ditto. 

C.  Jr.  =  Frontal  cilia. 
C.  I.  —  Lateral  cilia. 

Ch.  D.  =  Dark  staining  chitin. 
Ch.  L.  =  Light  staining  chitin. 
Com.  =  Cerebro-pleural  comm. 
Con.  cp.  =  Cerebro-pedal  conn. 
Con.  cv.  =  Cerebro-visceral  conn. 


Cor.  =  Cornea. 

Cor.  ps.  =  Pseudo  cornea. 

Cri-i.  =  Crystall.  stvle,  cav.  of  intest. 

D.  c.  =  Ceil  of  Distal  cell  layer. 

D.  c.  I.  =  Distal  cell  layer. 

D.  g.  =  Digest,  gland  duct. 
Dg.  =  Digestive  gland. 

E.  =  Eye. 

E.  Mn.  =  Epith.  of  .Mantle. 

E.  st.  =  Eye  stalk. 

Eos.  =  Eosinophil,  cells. 

Ex.  =  Wandering  exci-et.  cell. 

F.  =  Foot. 

F.  s.  =  Foot  sucker. 

Fil.  n.  =  Nerve  of  gill  filament. 
Fil.  o.  —  Ordmarv  gill  fil. 
Fil.  p.  =  Prin.  gill  fil. 
Fil.  Sep.  =  Intra-fil.  septum. 

G.  ant.  =  Ant.  lobes  of  vise,  ganglion. 
G.  ch.  =  Cerebro-pleural  gang. 

G.  c.  I.  =  Post,  centr.  lobes,  vise.  gang. 

G.  lat.  =  Lat.  lobes,  vise.  gang. 

G.  Osp.  =  Osphradial  ganglion. 

G.  p.  =  Pedal  ganglion. 

G.  sp.  =  Visceral  gangl. 

Ge.  tp.  =  Germinal  epith. 

Go.  al.  o.  =  Ovigerous  alveolus. 

Go.  al.  s.  =  Seminal  alveolus. 

Go.  d.  =  Gonoduct. 

Go.  o.  =  Ovigerous  part  of  gonad. 

Go.  s.  =  Seminal  ])art  of  gonad. 

Gr.  =  Granular  cells,  digest,  gland. 

/.   =  Iris. 

In.  c.  n.  =  Outer  interstit.  cell. 

In.  c.  i.  =  Inner  interstit.  celi. 

L.  =  Lens. 

L.  cl.  =  Leucocytic  clumps 

L.  p.  e  .  =  R.  ext.  labial  ])alp. 

L.  p.  i.  —  R.  int.  ditto. 

Lc.  =  Leucocytes. 

Lg.  p.  =  Ligament  pit. 

Lp.    =  Ijips. 

Lp.  I.  =  Lower  lip. 

Lp.  u.  =  f  pper  lip. 

M.  =  Month. 

Mn.  =  Mantle  lobe. 

Mu.  g.  =  Mucous  glands,  foot. 

Mu.  g.  c.  =  Compound  ditto. 

A',  br.  =  Ctenidial  nerve. 

X.  c.  =  Cu'cumpallial  nerve. 

N.  I.  =  Nerves,  labial  palps. 
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N.  ot.  =  Otocyst  nerve. ' 

N.  p.  =  Pedal  nerves. 

N.  pa.  =  Ant.  pallial  nerve. 

N.  pall.  =  Visceral  pallial  nerve. 

N.  pp.  =  Post,  pallial  nerve. 

0.  =  Ova. 

0'  =  Young  ovum. 

Op.  F.  =  Ophthal.  pallial  fold. 

Op.  m.  =  Eye  stalk  muscles.^ 

Op.  n.  =  Optic  nerve. 

Op.  n.  i.  =  Inner  branch  ditto. 

Op.  11.  0.  =  Outer  branch  ditto. 

Ot.  =  Otocyst. 

P.  =  Periostracum. 

P.  b.  =  Byssal  groove. 

P.  gr.  =  Periostracal  groove. 

P.  M.  r.  =  Radial  ]iall.  muscles. 

P.  s.  =  Periostracal  glands. 

Per.  =  Pericardium. 

Pig.  =  Pigment  cells. 

R.  =  Rods  of  retina. 

E.  C.  =  Rod-cells  ditto. 

E.  C.  n.  =  Nuclei,  rod  cells. 

R.  C.  p.  =  Pseudo-rod  cells. 

Ro.  =  Renal  organ. 

Ro.  c.  =  Gland,  cpith.  ditto. 

Ro.  c'.  =  Ditto,  with  concretions. 

Ro.  con.  =  Connect,  tissue,  renal  org. 

Ro.  ep.  =  Epithel.,  renal  org. 


Ro.  m.  =  Intrinsic  muscles,  renal  org. 

Ro.  rp.  =  Reno-reprod.  apert. 

Ro.  V.  =  Renal  veins. 

iS.  =:  Spermatozoa. 

S.  D.  =  Dors,  venous  sinus. 

S.  m.  i.  =  Basement  membrane. 

S.  m.  o.  —  Sieve  membrane. 

S.  I",  r.  =  R.  vent,  venous  sinus. 

Scl.  —  Sclerotica, 

Sep.  =  Septum. 

Sh.  a.  —  Auricula  of  shell. 

Sh.  F.  =  Shell  fold,  mantle. 

Sh.  m.  =  Calcar.  layer  of  add.  impress. 

Sh.  p.  =  Artie,  surf,  of  shell. 

T.  =  Tapetum. 

Tn.  =  Tentacle. 

Tn.  V.  —  Velar  tentacle. 

Tu.  TO.  =  Tunica  muscularis. 

Tu.  p.  =  Tunica  propria. 

V.  =  V'elum. 

V.  a.  =  Adductor  veins. 

V  h.  =  Hepatic  vein. 

V.  M.  —  Radial  velar  muscles. 

F.  31.  a.  =  Attach,  of  velar  muse. 

F.  31.  c.  —  Concent,  velar  muse. 

F.  p.  =  Pedal  vein. 

F.  pall.  =  PalHal  vein. 

F.  V.  =  Visceral  veins. 

Ven.  =  Ventricle. 


Plate  I. 


Fig.  A. 

Fig.  B. 

Fig.  C. 

Fig.  D. 

?ig.  E. 


Fi.^    F. 


P.    ojJercularis,    riglit    valve,    showing    byssal 

notch.     IS^atural  size. 
F.  ojjercidaris,  left  valve.     Natuial  si/e. 
P.  maximv.'i,  exterior  W.  valve  (young),      x    j[. 
P.  i/ifwiiniis,  exterior  L.  valve  (young).      x    jj. 
P.    nia.riinus,    interior    of    1{.    valve,    showing 

adductor  impression  and  pallial   line  (slightly 

darkened^',  also  liganieni   and  ridges  of  hinge 

area,      x    |. 
P.  maximus,    interior  of  L.  valve;    pigmenled 

specimen  showing  muscuhn-  impressions,     x  |. 
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Plate  II. 

Fig'.     1.     P.    maximus,   general   anatomy,    E.   valve   and 
mantle  lobe  and  right  ctenidium  removed. 

Fig.     2.     Transverse    section    through    rib   of    shell    (P. 
oiiercularis).      x   26. 

Fig.     o.     R.  mantle  lobe  shoAving  distribution  of  pallial 
nerves  and  muscles.     Xat.  size. 

Plate  III. 

Fig.     4.     Transv.  sect,  of  mantle  edge  and  velum,     x  20. 

Fig.     5.     Epithelium  with  eosinophilous  cells,  from  the 
mantle,      x  500. 

Fig.     (J.     Transv.  section  of  periostracal  groove,     x  .'^50. 

Fig.     7.     Foot,  showing  pedal  groove,  &e. 

Fig,     8.     Transverse  section  through  foot,  along  A.  B., 
fig.  7.      X   20. 

Fig.     9.     Section  through  byssal  gland,      x  130. 

Fig.  10.     Mucous  glands  from  foot  {P.  maxinius) .    x  480. 

Plate  IV. 

Fig.  11.     P.    maximum,    blood  vessels  of  E.   mantle  lobe 
injected  with  lard  mixture. 

Fig.   12.     Eenal    organ,    slit    open,    to    show    ridges   and 
A'essels  on  inner  surface.     Natural  size. 

Fig.  13.     Heart,  distended  with  air.      x  2. 

Fig.  14.     Arterial  system  injected  [P.  maximus).    Pallial 
arteries  omitted. 

Fig.  15.     Leucocytes,  and  "  clump  "'  or  pseudo-plasmodia. 
X   700. 
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Plate  V. 

Fio-.   16.     Diaofiam  of  vessels  of  cteiiidiuui. 

Fig.  IT.     Arteries  of  lips  and  labial  palps.     Nat.  size. 

Fig.   18.     Part   of   venous   system    of  F.    maahmis,    from 

injections. 
Fig.   19.      \'entricle  and  anterior  aorta. 
Fig.   20.       Trans,  section  (diagram. J  of  ctenidmm  i!n(nigli 

priu.  filaments,  showing  course  of  blood,      x  4. 
Fig.   21.      Section  of  ctenidium,  ti'ansverse  to  filaments,  a( 

level  of  top  of  ascending  filaments.       x    130. 

Plate  YI. 

Fig.  22.  Section  of  ctenidium  trans,  to  filaments,  near 
free  margin,  showing  both  demibranchs  with 
interlamcllar  junctions.      x    110. 

Fig.  2'').  Trans,  section  f)f  principal  and  fiuir  ordinary 
filaments,  near  base,  showing  respiratory 
expansion.      x  480. 

Fig.  24.  Section  of  i-espiratory  expansion  of  prin. 
filament  in  same  jdane  as  ctenidium.       x  10. 

Fig.  25.      Res])ir.  expansion  of  a  principal  filament,   x  20. 

Fig.  26.     General  view  of  nervous  system  ( /'.  ina.riiiitis). 

Fig.  27.     (Jerebro-])hniral  and  pedal  ganglia. 

Fig.  28.  Visceral  ganglia  (P.  mt/.r/'nius),  showing 
osphradial  ganglia  and  chief  nerve  trunks. 

Plate  VII. 

Fig.  2iJ.      Longitudinal     section    of     eye    { l\     nui.rimits). 

X  150. 
F'ig.   oO.       I!ct  inophdiac,    with     rods    and    ganglionic    cell 

layers  (semi-diagram. ). 
Fig.   -jl.      Cells  of  outei'  ganglionic  layer.      Zeiss  apo.  I"'), 

with  comp.  oc.  4. 
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Fig.  32.     Trans   section  of  rods.     Zeiss  apo.  1'5. 

Fig-.   '•>'•].     Trans,  section  of  retinophorae.     Zeiss,  apo.  Id. 

Fig.  -U.     Argeutea  in  snrface  view.     Zeiss  apo.  I'o. 

Fig.  •>").  Epithelial  cells  of  eye  stalk.  Trans,  sect. 
Zeiss  apo.  1"5. 

Plate  YIII. 

Fig.   -M).     Alimentary  canal  of  P.  maximus.     Nat.  size. 

Fig.  -H.  Trans,  sect,  tlirongli  upper  part  of  descending 
loop  of  intestine,  showing  division  into  two 
compartments.      x  40. 

Fig.  -JS.  Left  inside  of  stomach,  showing  cavities  into 
which  ducts  open. 

Fig.   '-Vi).     Mouth,  lips  (separated)  and  labial  palps. 

Fig.  40.  Section  of  internal  labial  })alp,  across  ridges. 
X    66. 

Fig.  41.      Crystalline  style  of  /■'.   nKi.rimvf:,   showing  two 

conditions.     Natural  size. 
Fig.  41r^  Trans,  section  through  crystalline  style.      x    7. 

Fig.  42.  Section  of  wall  of  intestine  (same  plane  as 
tig.  37).  showing  cells  of  crystalline  style 
cavity,      x   244, 

Fig.  43.  Section  of  posterior  part  of  ventricle  and 
rectum.      x  25. 

Fig.  44.     AVall  of  rectum,  same  section  as  fig.  43.     x  300. 

Fig.  44r/.  A\^andering  excretory  cell  {Ex.).      x  300. 

Fig.  45.  Trans,  section  of  ctenidial  axis  and  bases  of 
filaments,  showing  latter  opening  into  afferent 
branchial  vessel,      x  16. 
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Plate  IX. 

Fig.  40.  Dorso-ventral  section  of  small  P.  opercularis, 
througli  centre  of  addvictor.      x   5. 

Fig.  47.  Section  of  small  F.  opercularis  (same  plane  as 
tig.  46),  througli  digestive  gland  and  anterior 
end  of  adductor.      x   -3. 

Fig.  48.  Section  of  small  P.  opercularis  (same  plane), 
anterior  to  adductor  muscle  through,  visceral 
mass.      X    5. 

Fig.  49.  Section  of  wall  of  auricle,  showing  the  excre- 
tory cells  of  pericardial  gland.     Zeiss  apo.  1"5. 

Fig.  50.  Section  of  digestive  gland,  showing  alveoli  with 
pigment,  and  digestive  ducts.      x   170. 

Fig.   •")!.     Trans,  section  through  renal  organ.      x   50. 

Fig.  52.  Part  of  previous  section  more  highly  magnified. 
X   400. 

Fig.  53.  Section  through  ovigerous  and  seminal  alveoli 
of  gonad  (almost  ripe).      x  200. 

Fig.  54.  Striped  miiscle  fibres  from  adductor,  in  surface 
(6)  and  edge   view   (c).        Zeiss   apo.    1'5   mm. 
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No.  XYIII.     ELEDONE. 
(The  Octopoi)  Cuttlefish.) 

BY 

ANNIE   ISGEOVE,  M.Sc. 


PEEFACE. 

The  greater  part  of  tke  work  for  this  Memoir  has 
been  done  in  the  Zoological  Research  Laboratory  of  the 
Manchester  University.  I  take  this  opportunity  of 
thanking  Professor  Hickson  and  Mr.  Hewitt,  of  that 
University,  for  their  helpful  suggestions.  Dr.  Hoyle,  of 
the  Manchester  Museum,  also  kindly  lent  me  m\ich  of  the 
literature  of  the  subject,  and  assisted  me  in  various  ways. 
}>lj  thanks  are  due  to  the  Council  of  the  Marine  Biological 
Association  of  Great  Britain  for  the  use  of  a  table  at  the 
Plymouth  Laboratory,  during  the  Easter  vacation,  1908, 
and  also  to  Mr.  Chadwick  of  the  Port  Erin  Biological 
Station,  for  several  useful  notes  with  which  he  supplied 
me  as  to  the  occurrence  of  Eledone  cirrosa  in  that  district, 
its  habits,  method  of  capture  and  other  details. 
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INTRODUCTION. 

Eledone  cirrosa  (Lamarck,  1798),  or  Moschitcs  cirrosa, 
as  it  should  be  called  according  to  tke  rules  of  tke 
International  Zoological  Congress,  belongs  to  one  of  the 
two  genera  of  British  Cephalopoda  Octopoda.  The 
following  table,  showing  the  classification  adopted  in 
Pelseneer's  Text  Book,  illustrates  the  relation  in  which 
Eledone  stands  to  other  groups  of  Cephalopoda :  — 
Class  Cephalopoda. 

1.  Suh-class  Tetrabranchia,  e.g.  Nautilus. 

2.  Sub-class  Dibranchia. 

Order  I.  Uecapoda,  e.g.  Sepia. 
Order  II.  Octopoda. 

Family  Octopodidae — Genus  Eledone.* 

All  Cephalopoda  are  aquatic  marine  animals.  The 
genus  Eledone  occurs  in  the  Mediterranean,  round  the 
Atlantic  coasts  of  Europe,  and  elsewhere.  Eledone 
cirrosa  is  the  species  confined  to  Britisli  waters,  and  is  the 
only  British  representative  of  the  genus.  To  the  other 
British  genus  Octajnis,  belong  0.  vulgaris  the  common 
"  Octopus,"  and  0.  arcticus  a  smaller  deep-sea  form. 

Eledone  cirrosa  has  been  chosen  for  this  Memoir 
because  it  is  a  convenient  type  for  dissection,  and  may  be 
fairly  easily  obtained  at  the  Plymouth  and  Port  Erin 
Biological  Stations.  It  has  also  a  certain  economic 
importance,  feeding  on  crabs  and  lobsters,  and  often 
extracting  them  from  the  crab  aud  lobster  pots  put  out 
by  the  fishermen.     Popuhirly  E.  cirrosa  is  known  as  "  the 

*  As  shown  by  Dr.  Hoylc  (Manchester  IMemoirs,  Vol.  XLV,  No.  3, 
i'JOl,  the  correct  generic  names  for  "Octopus"  and  "Eledone"  are 
Polypus  a)id  Moschitcs  respectively.  Hence  the  true  title  of  Eledone 
cirrosa  is  Moschitcs  cirrosa.  Yet,  as  the  names  Octopus  and  Eledone 
have  been  in  general  use  for  100  years  or  more,  I  think  it  on  the 
whole  better  to  continue  to  use  them. 
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lesser  Octopus,"  as  it  never  attains  the  size  of  tlie  common 
Octopus.  It  is  also  distinguisliable  by  tlie  single  row  of 
suckers  on  each.  arm. 

Occurrence. 

During  the  spring,  Eledone  is  brought  in  from  depths 
of  30  to  35  fathoms,  at  Plymouth  and  Port  Erin,  by 
trawlers  and  other  fishermen.  At  this  season,  young 
specimens  have  also  been  taken  occasionally  in  a  few 
inches  of  water,  at  low  water  of  spring  tides,  at  Port 
Erin.  The  Eledones  brought  up  in  the  trawl  are  probably 
caught  while  adhering  to  or  creeping  over  stones  and 
rocks,  or  while  swimming  near  the  sea  bottom.  They 
seem  to  occur  in  small  groups  of  two  to  six  in  number. 
At  Port  Erin  and  Plymouth  they  are  also  taken  in  crab 
and  lobster  pots.  These,  at  Port  Erin,  are  put  out  at 
depths  of  from  six  fathoms  inside  the  bay  to  twelve 
fathoms  outside  it.  Although  Eledone  is  always  fed  on 
Crustacea,  when  kept  in  captivity,  and  careful  examina- 
tion of  about  fifty  specimens  has  shown  no  other  than 
Crustacean  food  in  the  gut,  yet  occasionally  at  Port  Erin, 
the  fishermen  have  taken  Eledone  on  hand  lines  baited 
with  pieces  of  herring  and  mackerel.  The  mouths  and 
oral  surfaces  of  such  specimens  are  lacerated  by  the  hook, 
showing  that  the  Eledones  actually  attack  the  bait. 

During  the  winter  Eledone  leaves  the  shallow  water, 
round  the  South  coast  of  Devonshire,  and  seeks  the 
warmer  and  deeper  water  in  the  centre  of  the  channel. 
Specimens  taken  in  this  season,  from  deep  water, 
generally  die  before  the  trawlers  get  back,  probably  from 
cold.  With  the  warmer  months  Eledone  comes  further 
in,  and  so  from  May  to  September  it  is  taken  in 
Plymouth  Sound,  at  an  average  depth  of  eight  fathoms; 
and  in  a  hot  summer  it  is  unusually  abundant.       Some- 
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times  it  is  found  stranded  at  low  tide,  in  the  rock  pools 
on  various  parts  of  the  coast.  C'uriously  enough,  the 
Eledones  obtained  are  almost  always  females.  The 
relative  abundance  of  the  sexes  appears  to  be  fifty 
females  to  one  male.  This  disparity  in  proportion  is  also 
noticeable  to  a  greater  or  less  degree  in  all  Cepbalopods. 
Possibly  the  males,  besides  being  fewer  in  number, 
remain  in  deeper  water,  the  females  alone  coming  in  with 
the  warmer  weather  to  spawn,  or,  again,  the  males  may 
have  a  different  method  of  concealment. 

Habits. 

Eledone  cannot  be  called  an  active  animal.  When 
kept  in  a  tank,  if  undisturbed,  it  passes  most  of  its  time 
resting.  Its  attitude  is  often,  as  Text  fig.  I  shows,  with 
the  arms  bent  at  an  acute  angle  to  the  body,  and  adhering 
to  the  floor  of  the  tank  by  the  suckers  on  the  proximal  regions 
of  the  arms.  The  visceral  dome  also  rests  postero-ventrally 
on  the  ground,  and  the  ej-es  are  more  or  less  closed.  At 
other  times  it  rests  with  the  tentacles  folded  together  so  as 
to  form  an  oval  disc  of  attachment  by  which  it  clings  to 
the  wall  of  the  tank,  the  body  hanging  downwards  in  the 
water. 

AVhen  disturbed,  J'^ledone  seeks  to  escape  by 
swimming  rapidly  backwards,  the  motion  being  obtained 
by  ejecting  powerful  jets  of  water  forward  fiom  ihe 
anterior  opening  of  the  funnel.  When  swimming,  the 
arms  are  stretched  out  horizontally  in  a  straight  line 
with  the  rest  of  the  body,  while  the  visceral  dome  points 
f()i\v;ii(ls.  The  eight  arms  Ii(>  closely  together,  and 
looking  down  on  the  anini.i!  tioin  al)ove,  six  aims  may  be 
seen.  Of  these  the  ouleiiuosl  pair — 11  venlral  ;in' 
curved  outwardly  in  the  middle  region.  Thus  iUcdonc 
does    not    use    the    web    when    s\vnniiiiii<;-.    hut    omI\     when 
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sinking  downwards  through  the  water.  Then  the  tips 
of  the  arms  separate  radially  like  the  ribs  of  an  umbrella, 
so  as  to  stretch  out  the  triangular  pieces  of  web  between 
the  arms. 

Eledone  has  another  mode  of  progression — creeping. 
This  it  does  with  a  gliding  motion,  sometimes  slowly,  at 
other  times  more  rapidly  particularly  when  in  pursuit  of 
food.  When  creeping,  the  body  is  raised  from  the  floor 
of  the  tank,  and  the  animal  advances  somewhat  in  the 
posture  of  the  Text  fig.  I,  creeping  by  means  of  the 
suckers  on  the  middle  re<rion  of  the  arms.       Sometimes 


Fig.  I. — Eledone  cirrosa,  ;it  rest. 


tbe  suckers  further  down  are  used,  and  consequently  the 
body  is  raised  higher,  while  the  animal  appears  to 
advance  on  tip-toe.  Eledone  generally  creeps  thus  when 
stalking  prey.  Often  when  creeping  up  the  wall  of  the 
tank,  the  arms  are  well  separated,  so  that  the  web  is 
half  extended.  Apparently,  Eledone  only  swims  when 
seeking  to  escape.  Possibly  when  not  in  captivity  it 
may  have  nocturnal  periods  of  activity,  when  swimming 
takes  place.  Careful  watching  of  active  specimens  has 
not,  however,  revealed  this  habit,  but  that  may  be 
explained,     perhaps,     as     due     to     artificial     conditions. 
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During  tlie   uiglit   Eledones   will    sometimes   escape   by 
climbing  over  tlie  walls,  if  in  an  uncovered  tank. 

The  shape  of  the  visceral  dome  varies  considerably. 
When  resting,  the  body  is  shortish,  and  forms  a  bluntly 
rounded  stout  sac,  and  the  arms  may  be  coiled  up  or 
stretched  out^  and  are  often  waved  gently  about;  while  at 
other  times  they  are  passed  over  the  surface  of  the  body, 
seeming  to  brush  it,  or  are  passed  down  into  the  mantle 
cavity  and  then  out  again.  When  swimming,  however, 
the  shape  of  the  body  alters.  It  becomes  stretched  out 
antero-posteriorly,  and  so  assumes  a  form  very  like  that 
of  Sepia,  while  a  lateral  fold  of  skin  becomes  prominent, 
Avhich  marks  oif  the  dorsal  from  the  ventral  svirface,  and 
forms  a  delicate  fin,  very  similar  again  to  that  found  in 
Sepia.  Wave-like  undulations,  beginning  at  the  front 
and  passing  backward,  pass  along  this  temporal'}' 
balancing  organ,  which  helps  to  support  the  body.  With 
the  retuin  to  rest  or  creeping  the  fin  is  lost  again, 
becoming  indistinguishable  from  the  general  body 
surface.  Also  when  swimming,  a  longitudinal  median 
depression  on  the  ventral  surface  of  the  mantle  indicates 
the  line  of  insertion  of  the  vertical  septum,  on  its  inner 
surface. 

Eledone  is  often  found  in  the  morning  adhering 
halfway  up  the  glass  front  of  the  tank,  nearest  the  light. 
At  other  times  it  hides  in  dark  corners,  and  if  stones  are 
pi'ovided,  will  heap  tlu'se  into  a  rough  mound  in  a 
corner  of  tlie  tank  and  hide  behind  this.  It  was,  no 
doubt,  this  desire  for  dim  seclusion  that  often  led  one  to 
rest  with  the  cephalopedal  mass  inside  a  jam  jar,  which 
was  ill  one  corncf  ot  the  t:mk.  I'lledone,  apparenlly, 
dislikes  a  sirong  light,  in  winch  it  seems  quite  incapable 
of  opening  its  eyes.  If  a  light  is  brought  near  during 
lh(!  iiiglit,  the  eye  contracts  and  thi^  animal  retreats. 
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How  long  Eledone  lives  is  not  known.  However, 
from  tke  fact  that  during  the  early  spring  quite  young 
specimens  occur — probably  liatcbed  from  tbe  previous 
summer's  spawn — together  with  many  stages  between  half 
and  full  grown  specimens,  they  probably  live  several 
years  under  natural  conditions.  At  present  nothing  is 
known  as  to  their  rate  of  growth,  or  the  size  at  which 
sexual  maturity  is  reached.  Eledone  is  an  extremely 
delicate  animal,  and  rapidly  suffers  if  the  tank  in  which 
it  is  placed  has  not  a  good  and  constant  supply  of  sea 
water.  Hence  it  is  practically  impossible  to  observe  it 
alive  elsewhere  than  at  the  Marine  Biological  stations. 
Confinement  affects  it  in  various  ways.  For  instance, 
although  it  was  found,  on  dissecting,  several  Eledones 
which  had  been  kept  in  captivity  for  some  weeks,  that 
the  ink  sac  was  full  of  ink;  yet  after  the  violent  ejection 
of  ink  which  occurred  when  the  animals  were  first  caught, 
and  one  or  two  very  slight  subsequent  discharges,  no  ink 
was  ever  again  poured  out.  Even  when  being  killed,  no 
ink  was  ejected,  although  the  body  was  convulsed,  and 
the  animal  appeared  to  make  a  great  eii'ort  to  discharge 
the  secretion. 

Food. 

As  Eledone  is  taken  in  both  crab  and  lobster  pots, 
probably  it  eats  both  these  Crustaceans.  However,  when 
kept  in  tanks,  it  is  generalh'  fed  on  crabs,  and  crab 
remains  alone  were  found  in  the  gut  of  numerous 
specimens  which  were  examined.  It  has  been  known  to 
attack  and  devour  the  Norway  lobster,  and  will  take 
prawns  or  shrimps  when  they  are  placed  in  the  same  tank. 
Preferably  it  takes  the  Edible  Crab,  Cancer  'pagwus,  but 
Portunus  depurator  is  also  taken,  and  Carcinus  inoenas. 
Eledone    sometimes    stalks    its    food,    creeping    after    the 
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scuttlinj''  crabs  in  the  posture  previously  described.  AVith 
a  quick  rush  it  geuerall}'  reaches  its  prey  and  renders 
it  incapable  of  motion  by  spreading  its  arms  over  the  crab. 
Sometimes  it  gathers  up  several  crabs  simultaneously  in 
this  waj' — taking  an  armful  as  it  were.  These  are  then 
consumed  one  by  one.  At  other  times  it  secures  its  prey 
by  quickly  swooping  down  upon  it  from  the  water  above, 
with  the  arms  outstretched. 

How,  exactly,  Eledone  opens  the  crab  cannot  be  seen, 
as  the  arms  cover  over  and  so  hide  the  prey  from  view 
when  it  is  being  consumed.  If,  liowever,  the  dorsal 
carapace  is  removed  from  a  crab  in  the  easiest  way 
possible,  beginning  at  the  posterior  edge,  and  simply 
pulling  the  shell  away,  the  portion  which  comes  aAvay  is 
exactly  similar  in  shape  to  that  which  Eledone  leaves. 
Hence  probably  it  adopts  this  method  of  removing  the 
carapace  with  its  beak,  and  then  eats  tlie  soft  body  of 
the  crab.  Usually  the  ventral  exoskeleton  and  limbs  of 
the  victim  are  left  attached  to  one  another,  or  the  limbs 
may  be  broken  away.  While  feeding,  Eledone  curls  its 
arms  about  in  the  water,  as  though  with  pleasurable 
excitement.  Xo  accurate  observations  have  been  made  as 
to  the  amount  of  food  consumed  in  any  given  time.  They 
have  been  known  to  attack  and  eat  one  another,  the  arms 
only  of  the  victim,  which  is  not  necessarily  killed,  being 
geneinlly  devoured.  Only  two  records  have  been  made 
of  the  occurrence  of  E.  rirrosn  in  the  stomach  of  Hi-itish 
fish  (the  Angler  and  the  Ling — see  list  below).  It  is  not 
improbable  that  dolphins  and  porjioises  prey  on  the  large 
Eledones,  wliilc  the  young  and  therefore  small  and  feeble 
ones  probably  form  food  for  various  marine  animals. 
When  they  attain  some  sizi',  the  suckers  and  beak  will 
render  them  decidedly  uninviting.  Possibly  their  sinister 
attitude  and   bright   colour  also   i)rotect  them.       Congers 
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will  take  pieces  of  the  flesh  when  given  as  food,  but  other 
fish  refuse  it  altog-ether.  Crabs  will  take  it  as  food  only 
reluctantly,  although  they  will  readily  eat  weak  or  dead 
Sepia. 


Cephalopods  have  been  recorded  as  follows  from  the 
stomachs  of  British  fishes:  — 

Lollgo,  in  Cod,  AVTiiting,  Gurnard,  Plaice,  Skate. 

Octo'pus,  in  Haddock,  Ling,  Whiting,  Plaice. 

Eledone,  in  Ling  and  Angler.  (Two  isolated  cases 
only.) 

Rossia,  in  Haddock,  Whiting,  Cod,  Gurnard,  Dab, 
and  Long  Rough  Dab. 

Sepiola,  in  "Whiting,  Cod,  Gurnard,  Tope,  Thorn- 
back,  Dab,  and  Pout. 

EXTERNAL  FEATURES. 
I. — Skin. 

The  skin  of  Eledone  has  a  smooth  external  surface. 
It  is  soft  and  slimy  to  the  touch,  and  contains  numerous 
gland  cells.  These  secrete  an  opaline  mucus,  which  is 
especially  noticed  while  killing  the  animal,  say,  with 
chloroform,  when  the  body  becomes  coated  with  this 
secretion.  It  is,  however,  by  no  means  as  thick  or  sticky 
or  as  abundant  as  that  secreted  by  Archidoris,  or  the 
common  garden  slugs,  under  similar  conditions.  In 
appearance  the  skin  is  smootli  and  velvety,  and  reminds 
one  of  a  peach.  It  is  also  tough  and  elastic.  AVhen 
Eledone  is  quiet  it  may  be  noticed  that  the  skin  is  finely 
sranulated  all  over  the  bodv.  In  addition  to  these 
granulations,  there  are  also  larger  conical  processes  or 
cirri,  on  the  head  and  back,  of  6  to  12  mm.   in  height. 
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Od  the  liead  there  is  a  single  pair  of  tliese  cirri, 
which  remind  one  oi  slight  horns,  over  the  eyes  (PI,  I, 
ho-.  1,  I. (I.e.),  and  down  the  back  there  are  about  seven 
rather  irregular  rows  of  five  or  six  papillae.  However, 
when  Eledone  is  agitated  or  moving  about,  the  skin 
appears  to  become  tightened  over  the  surface  of  the  body, 
and  this  stretching  causes  the  granules  and  cirri  to  flatten 
down,  and  become  indistinguishable  from  the  rest  of  the 
surface.  After  a  short  period  of  rest,  the  slackening  of 
the  skin  causes  the  granules  and  cirri  to  reappear.  These 
processes  are  not  visible  after  death,  and  so  a  true  idea 
of  the  .skill  of  Eledone  can  only  be  gained  by  watching  the 
living  animal. 

The  colouration  of  the  body  is  due  to  the 
chromatophores  which  lie  in  the  dermis,  and  are  only 
absent  from  (1)  the  oral  surface  of  the  web,  and  (2)  the 
suckers  and  the  oral  surface  of  the  basal  parts  of  the 
arms.  Henca  these  parts  are  white,  but  when  the  web  is 
stretched  open,  the  cliromatophores  on  its  aboral  side  may 
be  seen  through  as  greenish  dots,  by  transparency.  The 
following  notes  were  made  as  to  the  colouration  of 
Eledones  kept  in  the  tanks  of  rhe  Plymouth  aquarium, 
when  Lindialurbed  : 

1.  Lower  or  ventral  aboral  surface  of  web  light  buff, 
with  a  pale  green  metallic  tinge. 

2.  Dorsal  aboral  surface  of  web  bulf  mainly,  with 
flecks  of  cream  scattered  in  between  the  predominating 
patches  of  buff;  aboral  surface  of  arms  similar. 

•"j.  Funnel  light  and  ])raciically  colourless 
posteriorly,  witli  yelloMis1i-])io\vii  colouration  anteriorly. 
The  colour  is  deeper  on  the  dorsal  than  on  the  ventral 
surface  of  the  funnel,  where  there  is  also  some  indication 
of  the  metallic  green  tinge  w  liicli  is  found  on  the  ventral 
surface  of  the  web,  and  of  the  mantle  sac 
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4.  On  tlie  ventral  surface  of  the  mantle  sac  tlie 
brownish  chromatophores  are  larger  than  in  other  parts 
of  the  mantle,  and  situated  further  apart.  The  prevailing- 
colour  here  is  white,  with  a  light,  metallic  green  cast. 

5.  The  dorsal  surface  of  the  visceral  dome,  like  that 
of  the  web  and  head,  shows  patches  of  cream  in  between 
large  flecks  of  a  reddish-buff  colour.  From  the  eyes  two 
oblique  lines  of  cream  colour  slant  inwards  and  meet, 
forming  a  light-coloured  V  on  the  dorsal  surface  of  the 
head.  The  iris  of  the  eye  is  deep  orange  in  colour.  The 
chromatophores  are  continued  over  the  free  edge  of  the 
mantle,  for  about  half  an  inch  inside  the  pallial  cavity. 
The  marbling  of  the  skin  is  most  distinct  when  the 
animal  is  recovering  from  excitement.  AYlien  quiet  the 
cream  and  buff  flecks  fade  into  one  another  rather 
indistinctly,  while  the  intense  blush  caused  by  excitement 
spreads  all  over  the  skin  and  temporarily  eliminates  the 
marbling,  but  when  recovering  again,  the  cream  flecks 
show  up  well  against  the  terra-cotta  patches.  When  the 
animal  is  excited  the  skin  becomes  of  a  very  dark  reddish 
terra-cotta  tinge.  After  death  the  eyes  become  dull,  and 
the  skin  loses  its  velvety  gloss  and  beautiful  colouration 
utterly,  and  becomes  overcast  with  a  dull  grey  tinge. 
"When  Eledone  is  frightened  in  any  way,  the  skin  changes 
colour,  and  an  intense  pallor  spreads  over  it,  causing  it  to 
become  quite  ghostly  in  appearance.  At  this  time  the 
eye  stands  out  very  prominently,  because  the  iris  remains 
dark  orange,  as  does  the  eyelid  surrounding  it,  and  thus  an 
orange  circular  patch  marks  out  the  eye,  on  a  whitened 
body.  However,  under  normal  conditions  this  patch  does 
not  stand  out  in  any  way.  At  the  same  time  that  the  pallor 
is  seen  the  animal  tries  to  escape  by  rapidly  swimming 
backwards,  and  attempts  to  eject  ink.  Almost 
immediately     the     pallor     is     replaced     by     an     intense 
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darkeuinw  or  blush  of  deep  terra-cotta  colour  over  tlie 
whole  body.  If  allowed  to  come  to  rest  again  now,  the 
colour  gradually  lightens  until  the  normal  condition  is 
reached.  If  the  animal  is  stimulated  several  times  in 
succession-  say  by  poking  with  a  glass  rod,  or  by  bringing 
a  brightly  coloured  bottle  near — it  becomes  exhausted, 
the  pallor  becomes  less  intense,  and  the  consequent 
darkening  less  noticeable;  also  eitbrts  to  escape  cease. 
At  night  the  colour  is  like  that  of  the  resting  condition. 

Structure  of  the  Skin. — The  skin  consists  of  a 
columnar  epidermis,  and  a  subjacent  and  much  thicker 
dermis  (Text  fig.  II).  It  may  easily  be  detached  from  the 
muscular  body  wall,  thus  destroying  the  deeper  layers  of 
the  dermis.  The  epidermal  cells  secrete  a  thin  cuticular 
protective  layer  externally,  while  internally  they  are  each 
produced  into  several  fine  ])rocesses  which  attach  the 
epidermis  closely  to  the  dermis. 

The  dermis  is  divisible  into  four  layers,  as  follows  :  — 

1.  External  fibrous  layer  (Text  fig.  II,  Ex.C.L.). 

2.  Layer  with  chromatophores  (Text  fig.  II,  Chr.). 
'■).     La3'er  containing  iridocysts  (Text  fig.  II,  Irid.). 
4.     Internal  fibrous  layer.    This  is  the  thickest  laj'er, 

and  connects  the  skin  to  tlic  underlying  muscles  of  the 
body  wall.  It  contains  the  vessels  and  nerves  of  the  skin, 
and  iilso  feeble  muscular  strands  (Text  fig.  II,  I.C.L.). 

Chromatophores. — These  are  extensible  pigment- 
containing  vesicles,  occurring  in  the  external  part  of  the 
dermis  (Text  fig.  II,  Clir.).  Their  ex])ansion  and  con- 
traction cause  the  changes  of  colour  so  characteristic  of 
all  ])ibranchiate  Ce^jhalopoda.  The  origin,  structure  and 
iriovcmeiits  of  Uie  vesicles  have  been  studicil  by  many 
people,  and  much  variation  of  ojjinion  exists  on  all  three 
points.  The  views  of  l{abl,  Miiller,  Klemcnsiewicz, 
Fred«M-i((j  and  Kollikcj-  nniy  be  l)ri(,'fiy  summaiised  thus: 
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1.  The  central  spherical  cell,  which  contains 
pigment  granules,  is  a  uninucleate  cell  which  originates 
in  the  epidermis  and  later  sinks  down  into  the  dermis. 
The  cell  wall  is  a  tough  elastic  membrane,  and  the 
pigment  granules  are  arranged  round  the  periphery  of  the 
cell,  leaving  the  central  protoplasm  clear. 

2.  A  girdle  of  about  18  mesodermal  cells  becomes 
grouped  round  the  equatorial  region  of  the  pigmented 
cell,  in  a  plane   parallel   to   the  epidermis.      These   cells 
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Fig.  Il.^^Section  of  the  skin.     IIi<^lil\"  maonificcT. 


tinally  become  differentiated  into  triangular  muscular 
bands  of  fibrous  tissue,  the  basal  side  of  the  triangle 
adhering  to  the  wall  of  the  vesicle,  and  the  long  thin 
apical  region  being  lost  amid  the  surrounding  tissue  of 
the  dermis.     A  basal  nucleus  shows  in  each  fibre. 

3.  The  elasticity  of  the  vesicle  wall  opposes  the 
contractile  tendency  of  the  radial  fibres.  When  the  latter 
contract,  and  the  wall  relaxes,  the  vesicle  becomes 
stretched   out   and   flattened   in   a  plane   parallel    to   the 
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ej)idermis.  When  the  chromatophores  are  thus  expanded, 
the  colour  of  the  animal  is  very  deep — this  occurs  when 
Eledone  is  excited  in  some  way.  AATien  the  radial 
muscles  relax,  the  chromatophore  contracts  and  the 
animal  becomes  pale,  as  when  frightened.  In  the 
normally  quiet  state  the  chromatophore  is  in  a  state  of 
tension,  and  is  shaped  like  a  biconvex  disc  (II,  Chr.).  In 
this  stage  it  is  in  a  semi-expanded  condition,  the 
contractile  tendency  of  the  two  elements  being  equally 
balanced.  However,  the  cell  is  constantly  varying 
slightly  in  shape,  as  one  or  the  other  of  the  forces  gets 
the  upper  hand:  and  so  the  chromatophore  exhibits 
incessant  slight  tremulous  movements.  Hence  when 
watching  Eledone  in  an  aquarium,  one  is  struck  by  the 
constantly  varying  colour  of  the  skin. 

Harting,  Blanchard  and  Girod  agree  that  the  vesicle 
is  of  ectodermal,  and  the  girdle  of  mesodermal  origin,  but 
they  consider  that  all  Diotion  on  the  part  of  the 
chromatophore  is  due  to  the  amoeboid  movements  of  the 
vesicle  itself,  while  the  radial  fibres  are  connective  tissue 
only. 

Again  Chun,  who  worked  on  the  chromatophores  of 
Bolitacna,  a  deep  sea  form,  disagrees  witli  both  these 
views.  In  Bolitaena  the  chromatophore  jji'ises  as  a  single 
ectodermal  cell  which  sinks  down  into  the  dermis.  The 
nucleus  now  divides  repeatedly,  while  the  cell  throws  out 
about  18  pseudopodial  processes,  in  the  equatorial  plane 
parallel  to  the  epidernii.s.  At  the  base  of  each  process  is 
found  a  corresponding  nucleus,  which  has  originated  aa 
above.  Later  it  is  found  that  this  girdle  of  processes  has 
become  differentiated  into  a  ring  of  triangular  muscular 
strands,  whose  contraction  serves  to  expand  the 
chromatophore.  A  second  muscular  region  becomes 
differentiated  round  the  ])eriphery  of  the  cell,  and  this 
opposes     tho     rndiiil     tracks,     tending     to     rnntrnrt     the 
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chromatopliore.  Hence  Chun  in  Bolitaena  derives  the 
vesicle  and  the  contractile  apparatus  wholly  from  one 
ectodermal  cell.  He  has  also  traced  the  nerve  supply  of 
the  chromatophores.  For  instance,  the  pallial  nerve  has 
several  purely  chromato-motor  strands  which  run 
outwards  to  the  external  epithelium  of  the  mantle,  and 
there  divide  up  ultimately  into  fine  terminal  nerves,  one 
of  which  supplies  each  radial  muscular  strand,  entering 
it  at  the  narrow  distal  end.  These  nerves  control  the 
movements  of  the  chromatophores,  and  therefore  if  the 
pallial  nerve  be  severed  the  movements  of  the  chromato- 
phores on  the  corresponding  side  of  the  mantle  cease. 
This  method  of  origin,  which  Chun  has  described,  may  be 
peculiar  to  the  chromatophores  of  Bolitaena,  and  is 
difficult  to  reconcile  with  the  account  given  by  Eabl  and 
others. 

In  Eledone  the  pigment  granules  are  very  minute 
and  of  a  reddish-bulf  colour.  As  in  all  Cephalopods,  the 
motion  of  the  chromatophores  continues  some  time  after 
death. 

Iridocysts. —  These  are  light-reflecting  cells  embedded 
in  the  dermis  below  the  chromatophore  layer.  They  are 
uninucleate  flattened  cells,  each  of  which  contains  two 
rows  of  thin  fibrillar  laminae  arranged  parallel  to  one 
another  and  reflecting  the  light,  and  so  giving  rise  to  the 
peculiar  metallic  iridescence  noticed  in  the  integument. 

II. — External  (Jbgaxisatiox. 

The  body  may  be  divided  into  two  regions — an 
anterior  cepJialopedal  nun^s,  and  a  posterior  mass,  or 
visceral  dome,  covered  by  the  mantle. 

As  in  other  Octopoda  these  two  regions  are  united 
dorsally  by  a  thin  superficial  sheet  of  muscles. 
Externally    the    two    regions    of    the    body    cannot    be 
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definitelv  marked  (»!¥.  but  meigfe  fjraduallv  into  oue 
another.  When  touched  with  the  hand,  the  body  feels 
soft  and  slimy  and  of  about  the  consistency  of  a  firm  jelly. 
The  flesh  retains  its  elasticity  for  some  hours  after  death. 
The  following-  are  the  dimensions  of  a  probably  full-jjrowii 
Eledone,  immediately  after  death  :  — 

Length  of  arm  ...  ...  ...  ...     -1(30  mm. 

Length  of  visceral  dome         ...  ...      160  mm. 

Length  of  head  ...  ...         ...        38mm. 

Total  length      ...  ...  ...  ...     558  mm. 

Width  of  head  .. .  ...  ...  ...        75  mm. 

Width  of  body  at  widest  part  ...     140mm. 

(A^  Cephalopedal  Mass — This  mass,  which  forms  the 
greater  part  of  the  body  of  Eledone,  as  regards  length, 
consists,  as  the  name  implies,  of  the  head  and  foot. 

(1)  Head — The  head  is  a  solid  oval  mass,  behind  the 
arms  and  anterior  to  the  visceral  dome.  The  anterior  part 
or  buccal  mass  is  hidden  away  inside  the  bases  of  the 
arms,  and  hence  only  the  posterior  portion  shows 
externally.  Laterally  it  bears  the  eyes,  while  the  central 
portion  consists  of  the  muscles  which  cover  the  brain 
cartilage,  ventrally  and  dorsally.  To  the  ventral  surface 
of  the  head  is  attached  the  funnel  (PL  III,  fig.  11,  F.). 

Cephalic  Cartilage. — It  is  convenient  to  describe  the 
structure  of  the  Cephalic  and  Orbital  Cartilage  here. 
They  are  both  built  up  of  oval  cells  surrounded  by  a  clear 
matrix  (IM.  \ "I,  fig.  (;(k/,  C.  cell  and  Matr.).  These  cells 
have  large  oval  nuclei,  and  are  coniuMii-d  by  fine 
cytoplasmic  processes  one  with  another.  Hence  the 
spaces  occupied  by  the  cartilage  cells  also  intercommuni- 
cate by  canals  down  wliicli   llicse  cell   processes  run. 

(2)  The  Foot  is  divided  into  eight  equal  muscular 
processes,  or  arms.  In  the  female  these  are  all  similar, 
but  in   th(!  male  the  third   right  arm  is  hectocotylised — 
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counting  ventrally  from  the  dorsal  surface.  The  arms  are 
long,  flexible  tapering  cones,  slightly  compressed 
laterally,  and  closely  connected  at  their  bases,  to  form  a 
circular  circumoral  crown  round  the  Buccal  Mass  (PI.  I, 
tig.  1,  Br.  app.).  The  bases  of  the  arms  are  connected  by 
a  membranous  semi-transparent  web  which  extends  for 
about  one-fifth  of  the  length  of  the  arm,  as  an  inter- 
brachial  membrane.  Further  along  it  is  continued  as 
lateral  wings — one  on  each  side  of  each  arm — which 
gradually  diminish  in  size,  and  towards  the  distal  end  of 
the  arm  can  no  longer  be  distinguished  (PL  I,  fig.  1,  W .). 
This  web  is  characteristic  of  the  family  Octopodidae,  to 
which  Octopus  and  Eledone  both  belong.  Measuring  the 
two  dorsal  arms  and  the  body  of  half  a  dozen  specimens  of 
Eledone,  it  is  found  that  the  relative  length  of  the  arm, 
to  the  head  and  body,  is  229  mm.  to  113  mm.  or  roughly 
2  to  1.  There  are  about  eighty  suckers  on  each  arm, 
arranged  in  a  single  row.  They  have  no  horny  ring,  and 
thus  differ  from  the  suckers  in  the  ])ecapoda.  Also  they 
are  much  shallower,  and  none  are  modified  into  hooks. 
The  suckers  in  Eledone  are  sessile,  but  the  surface  of  the 
arm  which  supports  them  is  raised  up  beneath  each  sucker 
into  a  flexible  cylinder  which  really  acts  as  a  stalk,  and 
allows  it  to  move  freely  about.  Successive  suckers  are 
separated  from  one  another  by  a  slight  space.  It  is 
noticeable  that  when  these  suckers  are  applied  to  any 
surface,  they  do  not  keep  in  one  straight  row,  but  become 
displaced  laterally  so  as  to  give  the  effect  of  several 
irregular  rows  of  suckers  on  the  arm.  The  sucker  nearest 
to  the  movth  is  about  3  mm.  in  diameter  in  a  largfe 
specimen,  and  equals  in  size  those  about  half-way  down 
the  arm.  At  first  they  increase  in  size  working  from  the 
mouth  towards  the  tip  of  the  arm,  and  the  fifth  and  sixth 
suckers  are  the   largest  which   occur — about  12   mm.    to 
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18  mm.  in  diameter.  From  here  tliey  steadily  decrease 
again,  towards  the  tip  becoming  almost  too  small  for  the 
naked  eye  to  distinguish.  The  pressure  they  exert  is  very 
great,  and  must  render  the  pre}'  completely  helpless. 
Even  when  only  clinging  to  the  hand  with  one  tentacle, 
Eledone  can  hold  on  firmly  enough  by  sucker  action  to 
enable  one  to  lift  the  creature  bodily  out  of  the  water. 
Frequently  the  skin  is  shed  from  the  surface  of  a])p]icati()n 
of  the  sucker. 


Sph. 


Arm. 


,-  Mns. 


Br.  N. 


Ar)ii.  ]'i 


Br.  A. 


Fig.  II16. 


Fig.  Ill  (a)Traus.  sect,  distal 
l^art  of  arm  showing  relation 
of  Slicker  iN). 

Fio.  Ill  (b)  Sagittal  .sect,  of 
sucker  ot  Argonauta. 


Fig.  Ilia. 


Text  fig.  Ill  (I,  shows  a  diagram  of  a  transverse 
section  tlirnugh  the  arm,  indicating  the  relation  of  the 
sucker  to  the  remaining  muscles.  Ill  h,  is  a  modification 
of  Niemiec's  figure  of  the  suckei'  of  ArjiotKiuhi.  Tlie 
outer  surface  of  the  sucker  is  covered  by  the  general  skin 
of  the  arm.  The  inner  lining  is  a  much  folded 
epithelium,  which  covers  the  inner  and  outer  divisions  of 
the  adhesive  cup  (111  '/,  11  and  I).  A  sphincter  muscle 
(Sph.)  tends  to  close  the  uj)|K'r  ;ind  lower  cups  off  from 
one  another,  and  this  muscle  is  (jpposcul  by  the  vertical 
extensor  muscle  (III  h,  exl.).     When  the  sucker  is  applied 
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to  any  object,  the  extensor  relaxes,  the  sphincter 
contracts,  and  the  massive  muscular  base  of  the  inner 
chamber  is  elevated  to  meet  the  sphincter.  Thus  we  have 
a  shallow  flattened  disc-like  surface  pressed  closely 
against  the  object  to  be  held.  Now  the  extensor  contracts 
and  the  sphincter  relaxes  a  little,  and  the  floor  of  the 
inner  chamber  is  drawn  away  from  the  object,  producing 
the  desired  vacuum. 

All  Cephalopods  have  power  to  regenerate  injured 
arms.  Frequently  specimens  of  Eledone  have  been  seen 
with  several  arms  in  process  of  regeneration.  When  an 
arm  is  first  injured,  it  is  curled  up  spirally  towards  the 
mouth  so  as  to  protect  the  injured  part. 


Fig.  IV. — (a)  Hectocotylised  arm  and  ib)  ordinary  arm  of    male 
E.  aldrovandi.     x  2. 

Hectocotylisation. — The  third  right  arm  of  the  male 
Eledone  is  hectocotylised,  i.e.,  it  is  modified  for  the 
purpose  of  transferring  the  spermatophores  expelled  from 
the  anterior  opening  of  the  funnel  into  the  oviduct  of  the 
female.  As  no  male  E.  cirrosa  could  be  obtained,  Text 
fig.  IV  a,  shows  the  hectocotylised  arm  of  a  young 
male  E.  aldrovandi,  which  is  ver}'  similar.  Some 
Cephalopods  have  an  autotomous  hectocotylised  arm,  e.g. 
Argonauta  and  Treinoctoims,  and  in  these  hectocotylisa- 
tion reaches  its  extreme  state  of  specialisation. 
Spermatophores  having  been  expelled  from  the  funnel  of 
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the  male,  are  stored  in  this  arm,  which,  when  packed  with 
them,  becomes  detached  and  in  some  way  enters  the  mantle 
cavity  of  the  female.  The  arm  of  Eledone,  however,  is 
less  specialised  and  not  aiitotomous,  and  the  chief 
modification  is  at  the  tip,  as  in  Octopus.  Probably  then 
the  tip  of  this  arm  is  inserted  in  the  terminal  part  of  the 
oviduct  of  the  female,  after  the  manner  actually  watched 
and  figured  by  Racovitza  in  the  case  of  Octopus.  The 
hectocotylised  arm  of  Eledone  is  somewhat  shorter  thaji 
the  others — about  1-J  mm.  less  in  the  small  specimen 
examined  of  E.  cddrovandi.  Examining  the  ventral  sur- 
face, it  may  be  seen  that  tli(>  tlxird  right  arm  counting 
ventrally  from  the  dorsal  irAiv — bears  a  groove  on  its 
ventral  aspect  (IV,  gr.).  This  is  formed  by  a  narrow  fold 
of  skin,  and  runs  from  the  base  to  the  tip  of  the  arm, 
where  the  groove  is  enlarged  to  form  an  oval  depression 
on  the  oral  surface  of  the  arm  tip  (IV,  dejjr.).  Moreover, 
the  other  seven  arms  of  the  genus  Eledone  are  somewhat 
modified  in  the  male.  The  suckers  at  the  tip  arc  set  moic 
closely  together  than  in  the  female,  and  are  shaHower 
[iV  b,  jS).  Tlie  sixth  and  seventh  suckers  from  the  tip 
have  practically  no  cavity  at  all,  and  the  remaining  ones 
are  represented  by  tiny  flat  pads  (IV  b,  P). 

(B)  Visceral  dome.— This  is  the  name  given  to  the 
mass  formed  by  the  principal  viscera  of  the  body. 
Externally  it  is  enclosed  by  the  thick  muscular  mantle. 
It  is  oval  in  shape,  bei)ig  longer  than  it  is  broad,  and 
Ijluntly  rounded  posteriorly.  Antericnly  the  visceral 
dome  is  marked  off  from  the  head  by  a  slight  constriction 
or  neck.  The  dorsal  surface  is  more  convex  than  the 
ventral,  and  lies  uppermost  during  creeping  and 
swimming.  As  the  shell  is  greatly  reduced  in  Kledone, 
the  visceral  dome  is  unprotected  save  by  the  skin  and 
muscular  mantle. 
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Mantle. 


The  mantle  encloses  the  visceral  mass,  forming;  a  sac 
with  thick  muscular  walls,  which  extends  from  the 
posterior  end  of  the  body  as  far  as  the  posterior  border 
of  the  head  dorsally  and  of  the  funnel  ventrally  (PI.  I, 
fig.  1 ;  PI.  II,  fig.  8  ;  M^).  Morphologically  it  is  an  out- 
growth of  the  posterior  part  of  the  visceral  envelope,  and 
hence  its  inner  wall  is  continuous  with  the  outer  wall  of 
the  visceral  sac.  The  space  between  these  two  walls  is 
the  mantle  cavity.  The  anterior  edge  of  this  sac  is  fused 
with  the  head  dorsally,  but  ventralh'  and  laterally  it  is 
free,  so  that  a  wide  entrance  to  the  mantle  cavity  is  thus 
left. 

The  Mantle  Cavity  may  best  be  studied  by  cutting 
the  mantle  down  from  the  free  edge  on  each  side 
of  the  mid  ventral  line,  so  as  to  expose  the  organs 
contained  therein.  It  is  a  deep  cavity,  as  in  Sepia 
and  most  Cephalopods,  and  is  more  spacious  ventrally 
and  laterally  than  dorsally,  in  order  to  enclose  the 
important  pallial  complex.  The  body  is  bound  to  the 
enveloping  mantle  by  :  — (1)  The  above-mentioned  dorsal 
fusion  of  head  and  mantle  ;  (2)  the  shallow  siphono-pallial 
articulation ;  (3)  a  vertical  muscular  septum  running  out 
from  the  median  ventral  line  of  the  inner  surface  of  the 
mantle  to  the  visceral  mass  and  dividing  the  mantle  cavity 
into  sj^mmetrical  halves ;  f4)  the  posterior  continuity  of 
the  inner  surface  of  the  mantle  with  the  external 
epithelium  of  the  visceral  mass;  (5)  two  pairs  of 
muscular  bands  running  out  from  the  afferent  and  efferent 
axes  respectively  of  the  gills — the  band  running  along  the 
outer  surface  of  the  eiferent  vessel  is  inserted  on  the  inner 
ventral  surface  of  the  mantle,  posterior  to  the  insertion  of 
the  vertical  septum,  and  that  running  along  the  inner 
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edge  of  the  afferent  vessel  is  inserted  on  the  upper  end  of 
the  mantle  cartilaore,  near  the  insertion  of  the  funnel 
retractor ;  (6)  the  depressor  muscle  of  the  funnel, 
running  out  from  the  funnel  tn  the  n\antle,  near  the 
hranchial  heart  (fig.  8,  F.D.) :  and  (7)  the  great  lateral 
muscle  running  out  from  the  cephalopedal  mass  to  the 
mantle  (fig.  8,  L.M.). 

The  epithelium  lining  the  mantle  cavity  is  the 
internal  continuation,  over  the  free  border  of  tlie  mantle, 
of  the  outer  skin  of  this  structure,  which  here  becomes 
much  thinner  and  loses  its  chromatophores,  and  hence  is 
transparent  and  colourless.  However,  the  epithelium 
covering  the  dorsal  side  of  the  visceral  sac  bears  large 
cliromatophores,  which  show  through  the  mantle  during 
life  on  account  of  the  transparenc}'  of  this  structure. 

Stylets. — On  removing  the  genital  gland  and  the 
posterior  portion  of  the  alimentary  canal,  the  dorsal 
])ortion  of  the  mantle  is  exposed,  internally.  Two  curved 
ti-acks  can  be  seen,  roughly  forming  a  V-shape,  posterior 
to  the  depressors  of  the  funnel  (PI.  Ill,  fig.  I-']).  ]iy 
dissecting  away  these  muscles,  and  the  great  lateral 
muscles,  just  at  their  bases,  and  then  removing  the  inner 
epithelium  of  the  mantle,  two  colourless,  semi-transparent 
rods  are  exposed  (PI.  Ill,  fig.  13,  C.S.).  These  are 
chitinous  rods,  oval  in  section  and  tapering  at  both  ends, 
which  reach  down  almost  to  the  posterior  end  of  the 
mantle,  and  are  embedded  in  its  substance  (PI.  Ill, 
fig.  10,  a  and  h).  At  the  point  of  insertion  of  the  funnel 
depressor  the  rods  are  thickest.  PI.  Ill,  fig.  15, 
represents  a  transverse  section  thiough  th(>  stylet,  hi  xitu 
in  the  mantle.  I'lacli  stylet  is  enclosed  in  and  secreted  by 
the  walls  of  aji  epithelial  sac,  one  cell  thick  only.  These 
cells  are  columnar,  and  are  rather  longer  nt  the  two  ends 
of  the  sac  than  in  I  hi' ctMil  i  ;il  region  (fig.  15,  A'/^>S'.).    This 


ELEDONE.  491 

figure  also  sliows  that  the  rods  are  built  up  of  concentric 
layers  of  chitin,  the  innermost,  and  therefore  oldest, 
layers  staining  most  deeply.  Among  the  chitinous  layers 
may  be  noticed  a  few  cells  with  deeply  staining  nuclei. 
These  are  probably  degenerate  cells  from  the  epithelial 
sac,  which  have  become  surrounded  by  chitin.  Hound 
the  sac  is  a  layer  of  connective  tissue,  outside  which  can 
be  seen  the  muscles  of  the  mantle  (fig.  15,  M-^M.). 
According  to  Appellof ,  the  epithelial  sacs  in  Octopus,  and 
therefore  probably  in  Eledone,  are  formed  by  the  shell 
gland.  This  gland,  after  closing  and  sinking  below  the 
external  surface  of  the  mantle,  divides  into  two  halves, 
each  of  which  takes  up  a  lateral  position  and  secretes  the 
stylet  of  its  side.  Hence  these  stylets  represent  the  shell 
in  Eledone,  i.e.,  they  are  the  homologues  of  the  shell  of 
other  MoUusca,  although  much  reduced  in  size  and 
importance.  The  fact  that  the  great  muscles  of  the 
funnel,  cephalopedal  mass,  and  the  muscles  of  the  mantle 
radiate  from  these  stylets,  also  gives  support  to  this  view. 
Possibly  this  degeneration  of  the  shell  in  Eledone,  as  in 
•other  Octopoda,  may  be  explained  by  the  fact  that  it  is  no 
longer  needed  as  a  means  of  protection.  For  we  must 
recognise  that  the  means  of  offence  and  defence  that 
Eledone  still  has  are  most  efficient — powerful  suckers, 
great  biting  jaws,  immense  bodily  strength,  together  with 
the  ink  sac  and  large  far-seeing  eyes. 

Dorsal  fusion  of  head  and  mantle.— In  the  Decapoda 
the  head  and  visceral  dome  are  not  as  a  general  rule 
united  dor  sally.  However,  in  Sepiola  there  is  a  narrow 
connection  between  the  two.  Eledone,  like  Octopus, 
shows  this  dorsal  fusion  in  a  more  complete  stage.  A  thin 
sheet  of  muscle  is  continued  anteriorly  from  the  dorsal 
edge  of  the  mantle  over  the  region  of  the  eyes,  and  fuses 
with  the  muscular  bases  of  the  arms,  thus  forming  a  firm 
dorsal  union  between  the  head  and  visceral  dome. 
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Siphono-pallial   articulation This  is  very  weak  in 

Eledone,  as  in  all  Hctopoda.  It  consists  of  two  shallow 
ridges  on  the  posteio-vential  edge  of  the  funnel,  which 
fit  in  two  corresponding'  shallow  grooves  of  the  anterior 
and  inner  ventral  surface  of  the  mantle  (PI.  II,  tig.  9^-, 
l.f.r.,  l.m.gr.). 

Vertical  muscular  septum.  Tii is  consists  of  two 
symmetrical  triangular  sheets  of  muscle,  wliich  run  out 
from  the  mantle  to  the  body  and  enclose  the  anus  between 
their  anterior  edges  (PI.  II,  fig.  8;  PI.  Ill,  fig.  11,  m.s., 
in^s^  and  an.).  The  septum  is  covered  by  the  general 
epithelium  of  the  mantle  cavity.  The  shortest  side  of 
each  sheet  is  anterior,  while  the  longest  runs  from  the 
base  of  the  mantle  out  obliquely  to  the  visceral  mass. 
The  vertical  line  of  attachment  of  the  septum  extends 
from  the  ventral  posterior  extremity  of  the  mantle  to 
within  half  an  inch  of  its  anterior  edge  (figs.  8  and  11, 
in.s.a.).  By  referring  to  hg.  11  it  will  be  seen  that  aftei- 
the  septum  enters  the  mantle  cavity  (cm.),  it  is  free  for 
some  distance  from  the  visceral  mass,  and  hence  adheres 
only  to  the  mantle.  About  half-way  up  the  length  of  the 
oviduct,  it  becomes  attached  to  the  visceral  mass.  Hence 
there  is  free  communicaifion,  posteriorly,  between  tlu^ 
right  and  left  halves  of  the  mantle  cavity  (fig  11,  P.C.). 
Each  of  the  two  halves  of  the  septum  consists  of  two 
I'ather  thin  sheets  of  muscle — ^(1)  an  upper  sheet  sloping 
I'lom  the  mtmtle,  obli(|uely  inwards  and  downwards,  to 
the  body  (figs.  H  and  ]1,  //(,):  and  (2)  a  lower  sheet  sl()|)ing 
from  the  mantle,  obli(|uely  inwards  aiid  u))wards.  to  the 
brxly  ffigs.  S;iinl   11,  i/i./>.). 

The  lower  strands  of  the  upper  sheet  and  the  oiiter 
strands  of  the  lower  sheet  run  towards  one  anothei',  and 
inrm  ii  supci  (i(i;il  >li(('l  which  runs  along  with  the  funnel 
retractor    musch-,     down     to     the     mantle    (lig.     11,     in.!., 
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mq).  c\v.,  F.IJ.).  The  upper  strands  of  the  tipper  sheet, 
and  the  inner  strands  of  the  lower  sheet,  after  a  superficial 
course  run  together,  and  sinking  deeper  join  in  with  the 
great  lateral  muscle. 

Muscles  attaching  gills  to  mantle. — The  narrow 
muscular  band  which  runs  along  the  external  surface  of 
the  eiferent  vessel  of  the  gill,  from  the  tip  downwards, 
after  leaving  this  artery  at  the  base  of  the  gill,  runs 
obliquely  inwards  over  the  ventral  surface  of  the  kidney 
to  meet  its  fellow  in  the  middle  line  (PI.  V,  fig.  37, 
Br.M .).  The  common  strand  now  runs  posteriorly,  over 
the  ventral  surface  of  the  genital  capsule,  and  is  inserted 
on  the  inner  face  of  the  mantle,  just  posterior  to  the 
vertical  septum.  Possibly  this  strand  affords  additional 
support  to  the  genital  gland,  when  it  is  enlarged  at  the 
lime  of  sexual  activity,  as  well  as  serving  to  deflect  the 
gill. 

Funnel. 

This  may  well  be  studied  along  with  the  mantle 
cavity,  as  it  is  closely  related  thereto.  It  is  a  hollow 
conical  structure,  truncated  anteriorly  (PI.  II,  fig.  8,  F.), 
which  is  attached  to  the  ventral  surface  of  the  head,  and 
is  free  laterally  and  ventrally,  and  for  about  the  anterior 
third  of  its  dorsal  wall  (fig.  11,  F.).  The  anterior  and 
external  opening  of  the  funnel  is  about  13  mm.  in 
diameter,  in  a  large  specimen,  while  the  posterior  internal 
opening  is  very  much  larger  and  forms  the  base  of  the 
cone.  At  the  posterior  end,  the  ventral  edge  of  the 
funnel  is  recurved,  ventrally  and  anteriorly.  This  forms 
a  ridge,  which  is  more  pronounced  at  the  sides  than  in  the 
centre,  and  forms  pai-t  of  the  funnel  articulation  (PL  II, 
(ig.  9«,  l.f.r.).  The  weak  locking  apparatus  is  in  strong 
contrast  with  the  firm  one  found  in   Sepia,   Lvligu  and 
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other  Decapods,  and  tliis  means  of  lockinp:  the  mantle 
seems  to  liave  weakened  as  the  dorsal  fusion  formed,  and 
so  rendered  it  less  necessary.  Also,  as  Eledon(^  is  a  much 
less  powerful  swimmer  than  the  Decapods,  the  need  of  a 
strong  funnel  articulation  is  lessened.  The  funnel  cavity 
is  three-chambered.  The  central  largest  chamber  alone 
opens  to  the  exterior,  while  the  lateral  chambers  are  blind 
anteriorly.  All  three,  however,  open  into  the  mantle 
cavity.  The  central  chamber  is  cut  off  laterally  from  the 
side  chambers  by  the  great  depressor  or  retractor  muscle 
of  the  funnel.  This  forms  the  ventral  and  ventro-lateral 
wall  of  its  own  side  of  the  funnel,  and  then  runs  out  to 
its  insertion  on  the  anterior  border  of  the  mantle  cartilage 
of  its  side.  Two  other  pairs  of  muscular  bands,  which 
are  narrow  and  rather  short,  run  in  from  the  dorsal 
surface  of  the  funnel  to  the  cephalopedal  mass.  They 
act  as  protractors  of  the  funnel,  and  are  exposed  by 
cutting  through  the  skin  behind  the  funnel,  as  in  PI.  II, 
fig.  9,  sk.,  and  turning  the  funnel  ventrally.  The 
protractors  form  a  letter  W,  the  external  pair  being 
inserted  above  the  inner  pair,  on  the  funnel  wall.  The 
external  pair  run  outwaids  and  dorsally,  to  join  in  with 
the  capito-pedal  muscles  just  below  the  eyes.  The 
internal  pair  run  inwards  to  the  ventral  surface  of  the 
cranial  cartilage,  and  are  attached  there.  The  dorsal  wall 
of  the  funnel  is  formed  by  a  broad  pair  of  muscles  which 
then  run  outwards  from  the  posterior  lateral  region  of  the 
funnel  to  the  top  of  the  mantle.  Thus  with  the  depressor, 
these  two  nuchal  or  collar  muscles  bound  the  lateral 
funnel  chamber.  Hence  tlie  funnel  muscles  are  arranged 
in  three  sets :  — • 

(a)  One  pair  of  de])ressors  (fig.   9a,,  F.JK), 

(b)  One  pair  of  nuchal  muscles  (fig.  9,  coll.),  and 

(c)  Twopairsy  protractors  (fig.  9,  L.F.Pr.,  L.F.1%). 
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From  the  above  description  it  can  be  seen  that, 
althoug^h  water  may  enter  the  mantle  cavity  all  along^  the 
external  opening  of  the  mantle,  yet  when  the  funnel  is 
locked  the  only  way  out  for  the  contents  of  the  mantle 
cavity — excretory  or  genital  products,  water,  &c. — is 
through  the  central  funnel  chamber.  As  in  other 
Octopods,  Eledone  has  no  valve  in  the  funnel.  It  has, 
however,  a  large  and  elaborate  mucous  gland — Miiller's 
gland  (PI.  II,  fig.  10,  f.o.).  This  is  four-lobed,  and  is  an 
elaboration  of  the  internal  epithelium  of  the  funnel,  and 
may  best  be  seen  by  opening  the  funnel  ventrally,  as  in 
PI.  II,  fig.  15.  It  serves  to  lubricate  the  internal  surface 
of  the  funnel,  which  consequently  is  generally  coated  over 
with  opaline  viscous  mucus,  rendering  the  gland  itself 
rather  obscure  in  fresh  specimens.  It  may  be  seen,  how- 
ever, on  scraping  the  mucus  away. 

Pallial  Complex  (figs.  8  and  11). — Under  this  general 
term  ma}'  be  included  those  important  organs  situated  in 
the  mantle  cavity,  together  with  the  external  apertures 
of  certain  internal  organs.  Eledone,  like  other  Cephalo- 
pods,  in  spite  of  its  high  specialisation  along  certain  lines, 
has  yet  retained  its  primitive  symmetry  in  certain 
features,  including  the  pallial  complex.  The  organs  of 
the  pallial  complex  are :  — 

(1)  A  pair  of  Gills,  one  on  each  side  of  the  visceral 
mass,     and    attached    to    it    by    muscles,     vessels,    &c. 

(2)  The  Anus,  situated  anteriorly,  between  the  left 
and  right  halves  of  the  vertical  septum  (fig.  11,  an.) ; 

(3)  The  Urinary  papillae — one  pair,  protruding  for 
about  12  mm.  in  a  large  specimen  into  the  mantle  cavity, 
just  in  the  angle  between  the  base  of  the  gill  and  the 
visceral  mass  (fig.  11,  Ur.  p.).  The  urinary  aperture  is  a 
small  hole  at  the  tip  of  this  papilla  ; 
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(4)  Genital  ducts.  In  the  female  tliese  are  a  pair  of 
equally  developed  oviducts,  which  may  be  seen  running 
below  the  visceral  epitli(>liinn  froni  the  urinary  papilla 
upwards  for  12  to  24  mm.,  according  to  the  size  of 
the  specimen.  The  tip  of  the  oviduct  is  alone  free,  and 
protrudes  for  a  short  distance  out  from  the  visceral  mass 
into  the  mantle  cavity,  bearing  the  oviducal  aperture  at 
its  end,  somewhat  below  the  anterior  end  of  the  gill 
(fig.  11,  od.  ap.).  In  the  male  (fig.  S),  there  is  a  single 
genital  diict — the  penis — situated  similarly  to  the  left 
ovidiict  in  the  female  (-pen.). 

Other  organs  exposed  on  opening  the  mantle  cavity . — 
After  removing  the  vertical  septum  the  following  are 
seen  :  — 

(1)  The  intestine,  running  vertically  up  in  the 
median  line,  over  the  liver  to  the  anus,  with  the  anterior 
vena  cava  lying  on  its  left  side ; 

(2)  The  ventral  surface  of  the  liver,  covered  by  the 
visceral  envelope;   and 

(8)  The  two  kidney  sacs,  posterior  to  the  liver. 

Visceral  envelope.  On  removing  the  epithelium  and 
the  septal  muscle,  which  envelop  the  visceral  mass  of 
Eledonc,  a  muscular  envelope  external  to  this  visceral 
mass  is  exposed.  Over  it  ventrally  luu  the  visceral  nerves 
(PI.  IX,  fig.  09,  r/.sY'.xV.).  This  envelope,  dorsally,  runs 
from  the  posterior  border  of  the  cerebral  cartilage,  to 
^\lli(•ll  it  is  attached,  down  to  llie  level  of  the  branchial 
hearts,  where  it  becomes  adherent  to  the  muscnlai'  maiitliv 
The  dorsal  region  of  the  enve]oj)e  is  stouter  than  the 
ventral,  and  contains  large  widely  se])arated  chromato- 
phores,  which  |)i<)l);il)ly  show  Ihiough  tlic  manlh,'  duiing 
life.  The  thill  vciitnil  rcnion  covers  over  the  liver  and 
ink  sac,  hut  is  dorsal  to  the  rectum,  [t  runs  back  from 
the  ventral  posterior  edge  of  th-  (raiiiaj   cartilage  to  the 
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anterior  edo-e  of  the  })o.steiior  division  of  the  fjreat  venous 
sinus  (PI.  YII,  fig-.  o-'J,  SJ\^),  to  the  wall  of  which  it  is 
attached  by  coimective  tissue.  Ventrolaterally  the 
envelope  is  reinforced  by  the  depressor  muscles  of  the 
funnel.  Dorsolaterally  it  is  similarly  strengthened  by 
the  great  lateral  ceplialopedal  muscles. 

General  conclusions. — Considering  Eledone  as  a  type 
of  the  ("eplialopod  organisation,  tlie  following  characters 
are  noticed  :  — 

1.  It  retains  the  primitive  bilateral  symmetry  of  the 
Phylum,  and  hence  in  this  respect  is  less  specialised  than 
many  Gastropods  such  as  Helix. 

2.  On  comparison  with  more  })iimitive  members  of 
the  Phylum,  e.g.  Chiton,  it  is  seen  that  profound  changes 
have  evidently  occurred  in  the  inter-relations  of  the  head, 
foot  and  visceral  dome.  The  alimentary  canal  has  turned 
forward  posteriorly,  so  becoming  U-shaped.  The  anus 
has  been  ventrally  approximated  to  the  mouth,  the  free 
ends  of  the  gills  point  anteriorly,  the  true  morphologically 
ventral  surface  of  the  body  has  been  greatly  abbreviated, 
and  the  dorsal  correspcmdingly  lengthened.  The  mantle 
now  has  the  form  of  a  pouch  or  sac,  enclosing  the  visceral 
dome.  Simultaneously  with  these  changes  the  foot  ceased 
to  be  used  merely  as  a  ventral  creeping  organ,  and  was 
transformed  into  a  circumoral  mass.  Probabh^  this  was 
effected  by  the  lateral  regions  of  the  foot  growing  up 
dorsally,  on  each  side  of  the  head,  and  finally  fusinar  above 
it,  the  anterior  edy-e  meanwhile  growing  out  into  long 
flexible  processes. 
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DIGESTIVE   SYSTEM. 

Tlie  following  is  the  best  metkod  of  dissecting  out  the 
alimentary  canal :  — 

1.  Remove  tlie  funnel  from  tke  ventral  surface  of 
the  head. 

2.  Cut  down  the  web  between  the  two  ventral  arms, 
beginning  anteriorly,  and  continue  the  cut  down  along 
the  ventral  surface  of  the  head,  thus  exposing  the  Buccal 
bulb  and  the  cartilage  surrounding  the  brain. 

3.  Loosen  the  intestine  from  the  liver,  dissecting 
out  the  ink  sac  from  its  place  on  the  latter,  so  as  to 
enable  the  intestine  to  be  turned  back. 

4.  Loosen  the  liver  at  the  sides,  where  it  is  connected 
to  the  cephalopedal  muscles,  by  cutting  through  the 
visceral  envelope,  and  then  turn  the  liver  forwards 
(PI.  V,  fig.  38a).  The  organs  enclosed  in  the  visceral  sac 
are  now  exposed.  PI.  IV,  tig.  17,  represents  the  alimentary 
canal,  entirely  dissected  away  from  the  surrounding 
tissues,  to  give  a  clear  representation  of  the  relations  of 
the  various  parts.  The  alimentary  canal  is  essentially  a 
U-shaped  tube,  the  ventral  limb  of  the  U  being  the 
shorter,  and  the  anus  being  approximated  to  the  mouth. 

The  Mouth  is  situated  in  the  centre  of  the  oral  and 
anterior  surface  of  the  arms  (PI.  II,  fig.  5).  It  is 
circular,  about  12  mm.  to  22  mm.  in  diameter  in  large 
specimens,  and  is  surrounded  by  a  circular  lip  the  edge 
of  which  is  furnished  with  short  finger-like  papillae 
(PI.  IV,  fig.  17,  in.;  PI.  II,  fig.  ti,  L).  Tke  external 
surface  of  the  lip  is  continuous  witk  that  of  the  web,  and 
only  marked  off  from  it  by  a  deep  groove  (fig.  6,  gr^). 
This  edge  of  the  web  forms  a  kind  of  contractile  outer  lip. 
The  mouth  leads  into  a  (;avity  with  very  thick  and 
muscular    walls.       I'his    is    the     Pharynx    and    the    oval 
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muscular  mass  enclosing  it  is  known  as  the  Buccal  Mass 
(fig.  17,  B.M.).  The  buccal  mass  is  surrounded,  and 
therefore  concealed,  by  the  muscular  bases  of  the  arms 
(PL  III,  fig.  14,  B.M.,  arm).  The  pharynx  is  furnished 
with  two  powerful  chitinous  jaws,  whose  shape  curiously 
resembles  that  of  a  parrot's  beak,  and  which  are  placed 
dorsally  and  ventrally.  Unlike  the  parrot,  however,  the 
ventral  jaw  of  Eledone,  which  bites  outside  the  dorsal,  is 
the  larger  and  wider  (PL  TV ,  fig.  27,  J^  and  J.).  These 
jaws  bite  vertically  with  great  force,  tearing  up  the  food 
captured  and  held  by  the  suckers  before  it  is  passed  on  to 
the  rasping  action  of  the  radula.  The  anterior  edge  of 
each  jaw  is  thick,  and  dark  brown  in  colour.  The 
trenchant  border  is  sharp,  and  a  raised  ridge  some 
distance  behind  this  gives  attachment  to  the  muscles 
working  the  jaws  (fig.  27,  r.).  This  part  of  the  jaw  is 
exposed  by  cutting  away  the  lip  (PL  lY,  fig.  24). 
Further  in,  they  decrease  in  thickness,  and  their  colour 
lightens,  and  posteriorly  they  are  thin,  colourless,  and 
semi-transparent.  On  the  fioor  of  the  pharynx,  slightly 
anterior  to  the  middle  point,  is  a  muscular  outgrowth — 
the  tongue  (fig.  24,  t.):  This  forms  the  anterior  wall  of 
the  Radula  sac,  at  the  base  of  which  is  the  growing  point 
of  the  radula  (fig.  24,  rad.).  The  Radula  is  a  broad 
chitinous  ribbon  which,  issuing  out  of  its  sac,  runs  over 
the  upper  and  anterior  surface  of  the  tongue,  which  is 
responsible  for  the  rasping  action  of  the  radula,  as  it 
works  forwards,  backwards  and  laterally.  The  tongue  is 
strengthened  internally  by  two  small  cartilaginous  strips, 
which  give  it  rigidity  and  also  provide  attachment  for  its 
motor  muscles.  Here,  then,  the  food  cut  up  by  the  jaws 
is  further  triturated.  The  teeth  of  the  radula  are  large, 
and  each  row  consists  of  three  on  each  side  of  a  central 
large  tooth.     The  innermost  of  the  three  is  the  smallest, 
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aud  the  outermost  has  a  broad  basal  attaehiug  portion  (PL 
IV,  fig.  25,  Ce.,  1,  2  aud  o).  The  raduhi.  wheu  removed 
from  its  sac,  is  about  50  mm.  long.  In  frout  of  the 
tongue  is  another  outgrowth,  the  Sub-Radular  organ,  on 
the  tip  of  which  opens  the  duet  from  the  posterior  salivary 
glands.  Thus  the  secretion  from  these  glands  is  poured 
on  to  the  food  before  it  is  acted  on  by  the  radula  (fig.  24, 
s.r.o.,  s^g^d^).  This  duct  enters  the  buccal  mass  below  the 
radular  sac,  after  running  above  the  sub-lingual  gland 
which  is  on  the  ventral  surface  of  the  bulb  (fig.  24,  s.l.g.). 
The  paired  ducts  from  the  anterior  salivary  glands  open 
into  the  pharynx  lateralh'  and  posteriorly  (fig.  24,  s.g.d.). 
Thus  it  will  be  seen  that  the  massive  muscular  wall  of 
the  buccal  bulb  is  formed  chiefiy  by  the  muscles  working 
the  jaws  and  the  radula.  Anteriorly  it  is  attached  to  the 
bases  of  the  arms  by  a  circular  muscle  band  (PI.  Ill, 
fig.  14,  and  PL  IV,  fig.  20,  circ.  in.),  and  posteriorly  by  two 
ligaments  (PL  VII,  fig.  5-j).  Posteriorly  the  pharynx  is 
continued  into  the  oesophagus. 

The  Oesophagus  is  a  narrow  tube  running  down 
posteriorly  to  the  stomach  (tig.  17,  oes.),  dorsal  to  the 
hepatic  gland  (PL  \  ,  fig.  0(Saj.  Its  posterior  end  inai-ks 
the  limit  of  the  stomodaeum,  the  stomach,  spiral  caecum 
aud  intestine  being  hypoblastic  in  origin  in  all  Cephalo- 
pods,  while  that  ]Knt  of  the  rectum  posterior  to  the 
aperture  of  the  ink  duct  represents  the  very  small 
proctodaeum  (Korschelt  and  Heider). 

The  internal  surface  of  the  oesophageal  wall  is  thrown 
into  numerous  longitudinal  ridges  (PL  IV,  fig.  18,  and 
PL  \'.  fig.  •■»•'»).  Internally  it  is  coated  by  a  thin 
ell  itiiKJiis  layer,  ridged  correspondingly,  which  is 
continued  posteriorly  as  the  chitiuous  lining  of  the 
stomach  (fig.  •');),  Cvt.  />.).  About  half-way  down,  the 
oesophagus     bears     a     large     pouch-like     non-glandular 
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dilation  or  crop.  This  is  also  lined  with  chitin,  and 
folded,  and  serves  as  a  food  reservoir  when  the  stomach 
is  fnll  (fig.  18,  cr.).  At  the  base  the  oesophagus  dilates, 
and  its  wall  and  chitinous  lining  become  smooth.  (To 
expose  the  anterior  part  of  the  oesophagus  it  will  be 
necessary  to  remove  the  ventral  wall  of  the  cranial 
cartilage  and  the  sub-oesophageal  ganglia.) 

Salivary  Glands. — Eledone  has  five  salivary  glands: 

1.  Anterior  salivary  glands,  1  pair,  closel}^  applied 
to  the  external  surface  of  the  biiccal  mass,  posteriorly 
(fig.  17,  r.s.g.). 

2.  Posterior  salivary  glands,  1  pair,  situated  at  the 
side  of  the  crop  (fig.  IT,  r.s^^  g^,  and  fig.  oSa,  s-^  g^). 

o.  One  sub-lingual  and  median  salivary  gland, 
situated  in  the  ventral  wall  of  the  buccal  mass  (fig.   24, 

5./.^.). 

These  glands  are  granular  in  appearance,  soft  and 
spongy  in  texture,  and  of  a  translucent  whitish  colour. 
The  anterior  pair  is  much  smaller  than  the  posterior,  and 
is  attached  in  the  angle  between  the  oesophagus  and 
buccal  mass  (PL  IV,  fig.  20,  s.g.).  They  are  flattened  oval 
glands,  bilobed  posteriorly,  and  are  about  16  x  12  mm.  in 
large  specimens.  The  duct  leads  from  a  slightly  elevated 
ridge  on  the  internal  surface,  inwards  to  the  pharynx, 
and  is  very  short.  Along  with  the  duct,  the  artery  and 
nerve  of  the  gland  enter  by  this  ridge  (PI.  IV,  fig,  22). 

The  posterior  glands  are  large  and  flattened,  and  the 
crop  must  be  turned  aside  to  expose  them  fully.  They 
are  attached  to  the  visceral  sac  \>j  a  suspensory  ligament. 
The  duct  lea-^^es  the  anterior  internal  region  where  there 
is  a  slight  depression.  Here  also  enters  the  artery  of  the 
gland  (PL  IV,  fig.  21,  s-^  g^  d^).  They  measure  about 
32  mm.  x  25  mm.,  and  the  duct  after  a  short  course  joins 
its  fellow  to  form  an  unpaired  median  "  posterior  salivary 

KK 
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duct,"  which  runs  forward  alongside  the  oesophagus  to 
the  buccal  mass  (fig.  IT). 

The  sub-lingual  gland  is  oval,  and  thickened 
posteriorly  (PL  lY,  fig.  23,  a.l.g.).  In  those  Cephalopods 
whose  development  has  been  studied,  it  arises  as  an 
infolding  of  the  ventral  wall  of  the  pharynx  of  the 
embryo,  below  and  anterior  to  the  sub-radular  organ. 
This  infolded  region  then  gives  rise  to  many  tubular 
caeca,  each  of  which  opens  independently  by  a  minute 
opening  into  the  buccal  cavity.  These  tubules,  connected 
together  by  indifferent  tissue,  thus  form  the  compact 
sub-lingual  gland.  The  three  salivary  glands  all  consist 
of  glandular  secretory  tubules,  embedded  in  a  stroma  of 
connective  tissue  (PI.  Y,  figs.  34  and  35,  Tu.,  Sir.). 
These  tubules  are  closely  adpressed  in  the  anterior  glands, 
but  much  further  apart  in  the  posterior  glands,  and 
brancli  dichotomously  here  (figs.  35  and  34).  The 
secretory  cells  of  the  three  glands  are  all  similar,  and  are 
columnar  with  a  basal  nucleus.  The  secretion  forms  in 
globules  in  the  anterior  portion  of  the  cell,  and  then  falls 
into  the  lumen  of  the  tubule  (PI.  Y,  fig.  36).  The 
secretion  of  these  glands  is  a  kind  of  mucus  only,  and 
contains  no  ferment  wlia'Jever  (Fredericq  and  Bourquelot). 
The  venous  blood,  collecting  in  the  sinuses  occurring  in 
the  stroma  of  connective  tissue  which  binds  the  secretory 
tubules  together,  passes  out  directly  into  the  perivisceral 
venous  sinus. 

Stomach.  This  is  a  vei-y  muscular  grinding  organ, 
reminding  one  of  the  gi/zard  of  a  biid.  Its  ventral  and 
dorsal  walls  are  thickened  anteiiorly  into  giinding  pads. 
These  arc  thick  and  sto\it,  and  ridged  internally.  The 
posterior  and  lateral  walls  art",  however,  thinner.  The 
oi'so])hagus  oj)ens  into  the  stomach  at  its  right  anterior 
nngle,  and  the  origin  of  ihv.  spii-al  caecum  and   intestine 
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is  quite  near  this  point  (figs.  17  and  18).  In  size  the 
stomach  is  rather  less  than  the  crop,  and  like  the 
oesophagus  is  lined  b}'  an  easil}^  detachable  layer  of  chitin. 
This  lining  is  specially  thick  where  it  covers  the  grinding 
pads  (figs.  18  and  19,  ch^,  pad.).  Where  it  covers  the 
posterior  wall  of  the  stomach,  however,  it  is  smooth  and 
thin.  At  the  exit  of  the  spiral  caecum  and  intestine  the 
cuticle  ends,  thus  leaving  a  circular  orifice  through  which 
food  passes  onwards  from  the  stomach  (PL  V,  fig.  38,  or.). 
The  food  is  ground  in  the  stomach,  and  also  well  mixed 
up  with  the  digestive  fluid  which  enters  from  the  spiral 
caecum  (Bourquelot),  so  that  here  digestion  takes  place. 

Spiral  Caecum.— A  narrow  passage  leading  out  from 
the  stomach,  soon  bifurcates,  and  so  gives  rise  to  the  spiral 
caecum  on  the  one  hand  and  the  intestine  on  the  other 
(PI.  V,  fig.  -38,  Int.  ap.). 

The  spiral  caecum  is  in  reality  a  long  narrow  sac, 
e.g.,  caecum  in  Lolic/o,  which  in  the  Octopodidae  and 
others  becomes  curled  in  a  spiral  of  one  and  a  half  turns. 
It  is  thin  walled,  and  the  internal  septa  are  seen  faintly 
from  outside  (PI.  TV,  fig.  28).  The  columella  of  the  spiral 
is  on  the  side  opposite  to  the  intestine  (fig.  38).  On 
cutting  open  the  caecum  along  the  columellar  edge,  and 
pinning  it  out,  it  will  be  seen  that  there  is  a  series  of 
delicate  folded  valves,  running  transversely  to  its  length 
(fig.  38,  v.,  v^).  Cuvier  described  a  spiral  valve  running 
down  the  caecum  in  Octopus,  but  in  Eledone  there  is  a 
series  of  short  transverse  valves  instead,  closely  set.  They 
are  widest  centrally,  and  taper  at  their  two  ends,  which 
are  attached  to  the  columellar  region  of  the  wall.  Along 
this  columellar  region  also  runs  a  longitudinal  fold,  at 
the  side  of  which  enters  the  common  hejsatic  duct,  some 
distance  from  the  anterior  end  of  the  caecum  (fig.  38, 
h.  ap.).    Probably  this  fold  guides  the  digestive  secretion 
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into  the  stomach  and  also  into  the  intestine.  Like  the 
intestine,  the  inner  wall  of  the  caecum  is  not  covered  by 
any  chitinous  lining.  It  acts  as  a  reservoir  simply  for  the 
hepato-pancreatie  secretion,  and  no  food  of  an}'  kind  was 
recognised  therein. 

The  Intestine.  -Leaving  the  stomach,  this  long, 
thin-walled,  and  .slender  organ,  after  running  between 
the  two  hepatic  ducts,  before  their  fusion,  curves  ventrally 
upwards  over  the  liver,  over  the  ventral  surface  of  which 
it  runs,  curving  first  to  the  right,  then  in  again  to  the 
left,  and  then  anteriorly  to  the  anus.  Just  before  it 
reaches  the  anus,  the  ink  duct  enters  the  rectum  by  an 
aperture  at  the  tip  of  a  small  ])apilla  on  its  dorsal  wall. 
The  anus  has  a  dorsal  and  a  ventral  lif),  and  boars  two 
small  leaf -shaped  appendages  or  "  ears  "  laterally  (PI.  I  A', 
fig.  29).  The  internal  wall  of  the  intestine  is  ridged,  the 
two  most  prominent  ridges  being  continued  up  from  the 
columellar  ridge  of  the  spiral  caecum.  Tn  tli(>  initial 
part  of  the  intestine,  the  food  which  has  been  in  great 
part  digested  in  the  stomach  is  mixed  with  that  portion 
of  the  hepato-pancreatie  fluid  which  enters  this  organ. 
Hence  digestion  is  completed  here.  The  chief  process, 
however,  occurring  in  the  intestine  is  absorption  of  the 
now  digested  food.  Towards  the  rectal  end  of  the 
intesdnc,  waste  matter  of  a  dull  orange  tinge  collects. 

Digestive  Gland.— This  large  oval  gland,  although 
often  called  (he  liver,  docs  not  secrete  a  fluid  at  all 
comparable  to  the  bile  secreted  by  the  liver  of  vertebrates. 
It  occupies  almost  tlu'  whole  of  the  visceial  sac,  and  lies 
ventral  to  the  crop  and  oesoj)hagus.  xVit hough  in  J'ih'donc  it 
consists  of  one  lobe  only,  the  paircil  ducts  and  I  lie  analogy 
with  the  l)e(■apo(l-^  indicate  a  fusion  of  two  originally 
distinct  glands,  which  weic  situated  laleially  to  the  gut. 
The  ink  sac  lies  in  a  deep  groove  excavated  on  the  ventral 
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surface  of  the  liver  (fig.  17),  and  the  two  organs  are  sur- 
rounded by  a  common  iridescent  membranous  envelope, 
outside  and  in  addition  to  their  individual  coverings. 
In  a  freshly  obtained  Eledone  a  bilobed  oval  whitish 
region  can  be  distinguished  round  the  origin  of  the  two 
hepatic  ducts  (PI.  YIII,  fig.  32,  P.).  This  is  the  so-called 
pancreas,  and  shows  up  distinctly  against  the  yellowish 
green  liver.  The  digestive  gland  as  a  whole  is  soft  and 
spongy,  and  enclosed  in  a  very  delicate  membranous 
envelope.  It  is  built  up  of  branching  secretory  tubules 
which  open  into  the  hepatic  ducts.  The  pancreatic 
tubules  likewise  open  into  these  ducts,  further  down. 

According  to  Bourquelot,  the  digestive  hepato- 
j^ancreatic  fluid  poured  into  the  spiral  caecum  is 
colourless  before  digestion,  and  brownish  after  it.  The 
hepatic  secretion  consists  of  diastase,  trypsin  and  pepsin, 
while  the  pancreas  secretes  diastase  also. 

The  opaque  rather  thick-walled  hepatic  ducts  run 
posteriorly,  and  after  embracing  the  intestine  unite  to  a 
common  channel  which  enters  into  the  spiral  caecum 
(fig.  28).  Hence  the  order  of  events  in  the  digestive 
economy  of  Eledone  is  as  follows:  — 

(1)  Food  seized  by  the  suckers  is  torn  up  by  the  jaws 
and  passed  into  the  mouth. 

(2)  Here  it  is  mixed  with  the  mucous  secretion  of  the 
sub-lingual  and  posterior  salivary  glands. 

(3)  Next  the  radula  rasps  it  and  further  breaks  it  up. 

(4)  As  it  passes  into  the  oesophagus  the  secretion  of 
the  anterior  salivaiy  glands  is  poured  over  it. 

(5)  Now  it  passes  to  the  stomach.  Here  the  food  is 
groimd  and  mixed  well.  The  hepato-pancreatic  ferments 
enter  from  the  caecum  or  reservoir,  and  become  mixed 
with  the  food,  and  so  digestion  takes  place. 

(6)  Next  the  food  passes  on  out  of  the  stomach  into 
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the    intestine,    beinp:   prevented   from    enterinjj    into    the 
spiral  caecum  by  the  folds  of  the  wall  in  this  reo-ion. 

(7)  In  the  intestine  digestion  is  finished,  as  some 
proportion  of  the  digestive  fluid  enters  liere.  This  regi(ni 
is,  however,  chiefly  that  of  absorptioii.  After  this,  the 
waste  matter  passes  up  to  the  anus  and  is  ejected. 

The  Ink  Sac,  oi'  anal  gland  of  Eledone  is  a  long, 
somewhat  pear-shaped  gland,  which  opens  into  the  dorsal 
wall  of  the  rectum,  on  a  slight  papilla,  very  near  the 
anus  (PI.  lY,  fig.  30,  /.  ^j.).  It  is  a  much  less  developed 
structure  than  the  ink  sac  of  the  Decapoda,  and,  unlike 
the  latter,  lies  embedded  in  a  groove  on  the  ventral  surface 
of  the  liver,  in  a  median  position  (PI.  YIII,  fig.  32).  To 
expose  it,  the  visceral  envelope,  and  then  the  common 
iridescent  membrane  round  the  liver  and  ink  sac,  must 
be  removed.  Its  dorsal  wall  lies  in  close  contact  with  the 
ventral  epithelial  wall  of  the  liver.  When  the  enveloping 
membranes  have  been  removed,  the  ink  sac  shows  as  a 
dull  metallic  dark-blue  organ.  (iieat  care  must  be 
taken  not  to  cut  the  wall,  for  the  thick  viscous 
secretion  is  exceedingly  hard  to  get  rid  of,  and  stains  the 
dissection  deeply.  The  nei^ves  should  be  traced  before 
removing  the  visceral  envelope.  They  come  from  two 
sources  in  Sepia,  and  jirobably  also  in  Eledone  (Girod). 
However,  only  those  from  one  source  have  been  followed 
out,  i.e. :  — 

(1)  The  visceral  nerves  running  over  the  liver,  in  tlie 
neighbourhood  of  the  ink  sac,  send  several  branches 
inwards,  which  end  in  its  walls  (PI.  VITI,  fig.  31, 
/,  S^  iVj).  Near  the  posterior  end  of  the  sac.  a  specially 
large  nerve  runs  in  from  each  visceral  trunk,  and  this, 
ixhfT  pursuing  a  downward  course  until  it  meets  the 
arterv  and  vein  of  the  ink  sac,  enters  the  gland  along 
with   them  (fig.  :il,   /.S.N.). 
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(2)  In  Sepia  a  branch  from  the  gastric  ganglion  may 
be  followed  up  the  wall  of  the  intestine  to  its  tip.  At  the 
point  where  the  ink  duct  joins  the  intestine  this  nerve 
gives  off  a  very  fine  branch  which  runs  down  the  wall  of 
the  duct  and  gland  to  the  posterior  end.  This  nerve 
regulates  the  secretion  of  pigment,  while  the  visceral 
nerve  branches  control  the  muscular  contraction  of  the 
ink  sac  (Girod). 

The  ink  sac  has  rather  an  elaborate  vascular  system. 
The  abdominal  aorta,  running  up  from  the  heart  to  the 
intestine,  gives  off  a  vessel  to  the  ink  sac  (PI.  YI,  fig.  49, 
I.S.A.).  This  enters  at  its  base,  first  giving  off  at  each 
side  a  spirally  curved  vessel  to  the  corresponding  lobe  of 
the  pancreas  (fig.  32,  P.  A.).  Then  it  divides  into  four 
vessels,  which  become  embedded  in  the  wall  of  the  ink 
sac  and  send  branches  to  the  internal  fflandular 
trabeculae.  The  ink  duct  also  receives  a  small  artery 
from  the  terminal  portion  of  the  intestinal  vessel. 

The  vein  runs  from  the  sac  into  the  posterior  part  of 
the  anterior  vena  cava  (posterior  hepatic  vein).  It  is 
formed  by  the  union  of  two  vessels  which  run  one  on 
either  side  of  the  ink  sac  and  unite  at  its  base.  On  their 
way  these  receive  branches  from  the  sac,  and  much  longer 
ones  from  the  liver  and  pancreas  (fig.  32,  I.S.V.). 

Structure. — Cutting  a  sagittal  section  of  the  gland, 
the  following  portions  may  be  seen: — (1)  The  basal 
glandular  part  (PI.  IV,  fig.  26,  /.  gld.) ;  (2)  the  reservoir 
above  this  (fig.  26,  Res.) ;  and  (3)  the  duct,  of  about  equal 
length  with  the  gland.  Its  terminal  portion  lies  external 
to  the  visceral  envelope  (fig.  32),  and  bears  two  internal 
valves,  just  near  the  anterior  end. 

The  glandular  part,  after  being  well  washed,  will  be 
seen  to  consist  of  numerous  trabeculae,  which  branch  and 
run  into  one  another  (fig.  26,  tr.).    These  are  membranous, 
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perforated  by  small  holes,  and  consist  of  a  thin  layer  of 
connective  tissue  covered  on  either  side  by  the  secretory 
coluniuar  epithelium.  An  oblique  diaphragm  limits  the 
region  of  the  gland,  and  is  pei-forated  by  a  hole  for  tlio 
])assage  of  the  ink.  At  the  base  of  the  gland  is  found  a 
whitish  mass  of  round  non-glandular  cells  (fig.  20,  gld^. 
I'his  is  the  formative  region  where  the  trabeculae 
originate.  The  initially  indifferent  cells  become  differen- 
tiated into  either  the  connective  tissue  or  the  secretory 
cells  of  the  trabeculae.  These  trabeculae  are  constantly 
being  formed  and  travelling  forwards  to  the  anterior  end 
of  the  glandular  region.  Tracing  their  course  and 
structure  as  they  go,  it  is  found  that  the  young  cells 
gradiially  aceunudaie  ])igmeiit  granules,  and  when  they 
are  full  burst.  Thus  the  ink  is  freed  and  Ihe  secretory 
cells  destroyed.  Towards  the  anterior  end  of  the  gland, 
(lien,  the  trabeculae  disintegrate,  and  are  constantly 
i'e})laced  by  the  younger  ones  behind  (Girod).  The 
secretion  is  a  thick  dark-brown  liquid,  and  a  few  drops 
will  colour  a  large  volume  of  water.  On  drying,  a  dark- 
brown  powder  is  obtained.  The  liquid  consists  of  a 
colourless  transparent  plasma,  having  minnte  dark- 
brown  pigment  granules  in  suspension.  On  analysis  it 
is  found  to  contain  both  copper  and  iron,  extracted  from 
Ihe  blood  (Girod).  Although  the  actual  secretion  of  the 
ink  is  continuous,  its  passage  to  the  exterior  is 
intermittent  and  voluntary.  After  expulsion  fiom  ilie 
;iiius,  the  ink  is  discharged,  along  with  a  jet  of  wnter, 
thi-ough  the  funnel. 
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CIRCULATORY   SYSTEM. 

In  order  to  dissect  the  vascular  system  of  Eledone 
adequately,  it  is  necessary  to  inject  the  vessels.  The 
venous  system  is  best  injected  from  the  anterior  vena 
cava,  and  the  arterial  system  from  the  base  of  the  efferent 
blood  vessel  of  one  side.  As  the  veins  lie  more 
superficially  than  do  the  arteries,  it  is  best  to  follow  them 
out  first.  If  dissecting  one  specimen  only  for  all  the 
systems,  only  the  main  blood  vessels,  e.g.,  the  anterior, 
abdominal,  genital  and  efferent  arteries,  the  three  venae 
cavae,  and  the  veins  of  the  arms,  can  be  followed 
satisfactorily. 

The  circulatory  system  will  be  described  under  the 
following  headings: —  (1)  Blood,  (2)  Heart,  (3)  Arterial 
system,  (4)  Venous  system. 

The  course  which  the  blood  follows  in  the  body  may 
be  briefly  summarised  as  folloAvs  : — Blood  which  has  been 
aerated  in  the  gills  returns  by  means  of  the  two  efferent 
vessels  to  the  auricles,  and  thence  into  the  ventricle  of 
the  heart.  From  there  it  passes  out  to  the  body  by  the 
anterior,  posterior  and  genital  aortae,  and  ultimately 
reaches  the  arterial  capillaries.  Thence  passing  into  the 
veins,  it  finally  enters  the  lateral  venae  cavae,  which  take 
it  back  to  the  gill,  thus  completing  the  circulation. 

Blood. 

The  blood  of  Eledone  is  a  clear  limpid  fluid,  of  very 
pale  blue  colour.  Eor  examination  it  may  be  easily 
obtained  by  opening  the  efferent  artery,  at  the  base  of  the 
gill,  or  the  anterior  aorta,  or  again  the  anterior  vena  cava. 
In  contact  with  the  oxygen  of  the  air  the  blue  coloiir  soon 
deepens.     The  various  constituents  of  the  blood  are:  — 

(1)   Small    colourless    amoeboid    and    very    granular 
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corpuscles  of  15  n  diameter  fPl.  YI.  fiQ-.  44),  with  vnuuded 
or  slicfhtly  mirved  nuclei.  After  a  lapse  of  several 
minutes,  these  corpuscles  are  seen — if  the  blood  is  placed 
in  a  watch-glass  after  withdrawal  from  the  body — to 
congregate  together  in  large  clusters. 

(2)  A  liquid  medium,  in  which  the  above  corpuscles 
float,  containing: — (1)  Mineral  salts  (including  iron  in 
small  quantity,  Girod) ;  (2)  slight  traces  of  organic 
compounds ;  and  (8)  9  per  cent,  of  the  substance 
Haemocyanin,  an  albuminous  compound  containing 
copper.  According  to  Cuenot,  it  is  the  great  quantity  of 
copper  present  which  gives  the  blue  tinge  to  the  blood. 
This  darkens  when  exposed  to  air,  because  of  the  oxidation 
of  the  copper.  The  blood  of  Eledone,  like  that  of  all 
Cephalopods,  contains  no  fibrin.  The  analysis  of  the 
contents  of  the  blood  plasma  has  not  been  made  for 
K.  cirrosn,  but  Fredericq  and  (^iienot  made  it  for  Octopus 
and  Sepia  respectively.  Two  glands  have  been  suggested 
as  tlie  seat  of  origin  of  the  blood  corpuscles:  (1)  The 
branchial  gland  (-loiibin),  and  (2)  Ihc  wliilc  l)()dv 
(Faussek). 

Heart. 

In  Mledone  the  heart  is  situated  jus(  Ix'liiml  and  to 
the  right  of  the  stomach  (PI.  VI,  fig.  42,  V.).  Tt  is, 
however,  rather  ventral  to  this  organ,  but  dorsal  to,  and 
therefore  concealed  by,  the  kidneys 

The  heart  is  rather  smaller  than  th(^  stomach,  and 
consists  of  three  chambers,  two  aui'iclcs  and  a  central 
ventricle,  into  which  the  auricles  open  lateially,  one  at 
each  side.  The  two  auricles  are  essentially  the  dilated 
and  slightly  nnisculaj-  basal  ])()iiions  of  the  (>ffcrent 
branchial  vessels,  and  may  be  defined  as  tlie  porlion  of 
these  vessels  lying  belween  the  posterior  end  of  the  gill 
and  the  ventricle  (fig.  42,  an.).  The  auricles  are 
symmetrical,  but  the  thickei'  walled,  more  lleshv  ventricle 
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is  asymmetrical  in  shape.  The  walls  of  this  chamber  are 
muscular  and,  unlike  the  dark  coloured  branchial  hearts, 
of  a  whitish  colour.  The  inner  surface  is  produced  into 
numerous  branching  and  interlacing  fleshy  pillars,  which 
are  bathed  in  arterial  blood  (PI.  VI,  fig.  45).  The  cavity 
of  the  ventricle  is  incompletely  divided  into  two  chambers 
by  a  fleshy  partition  which  probably  aids  in  ensuring  the 
distribution  of  blood  through  all  three  aortae  during  the 
period  of  systole.  This  is  triangular  in  shape,  and  as 
the  dorsal  and  anterior  edges  are  attached  to  the 
corresponding  walls  of  the  heart;  while  the  basal  side 
hangs  free,  an  incomplete  vertical  septum  is  thus  formed. 
fPl.  YI,  figs.  47  a  and  h,  tr.  s.,  and  fig.  45).  The  right 
auricle  leads  into  the  right  chamber,  and  the  left  auricle 
similarly  into  the  left  chamber  of  the  ventricle.  The 
anterior  aorta  is  given  off  from  the  right  anterior  dorsal 
corner  of  the  heart,  while  the  abdominal  aorta  leads  out 
of  the  ventral  surface  of  the  left  chamber  and  the  genital 
aorta  from  the  posterior  dorsal  wall  of  the  same  (figs. 
45,  46  and  47).  Two  semi-lunar  valves  guard  the  entrance 
of  each  auricle  into  the  ventricle.  The  free  edge  of  each 
is  directed  inwards  into  the  ventricle  (fig.  48,  cm.  v.  and 
au^  i\).  Consequently,  at  the  moment  of  diastole  they 
open  and  allow  blood  to  enter  the  ventricle  from  the 
auricles,  and  at  this  time  the  blood  in  the  two  chambers 
of  the  ventricle  can  mix  freely.  However,  at  the  moment 
of  systole  the  valves  close  and  prevent  the  reflux  of  blood 
into  the  auricles.  The  ventricle  is  now  completelv 
divided  into  two  chambers  by  the  partition,  and  the 
blood  from  the  right  chamber  is  forced  up  the  anterior 
aorta,  while  the  blood  in  the  left  flows  into  the  abdominal 
and  genital  aortae.  The  anterior  aorta  also  has  two 
smaller  semi-lunar  valves  at  its  base.  These  have  their 
free  edges  turned  towards  the  aorta.  They  close  during 
diastole,  and  open  during  systole. 
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Arterial  System. 
The  arterial  blood  in  Eledone,  as  in  Octopus,  is 
wholly  enclosed  in  definite  vessels.  These  have  muscular 
walls,  which  are  consequently  stronger  and  thicker  than 
the  membranous  walls  of  the  veins.  The  pressure  of  the 
blood  in  the  arteries  is  very  great  indeed,  but  is  slight  in 
the  veins  (Fredericq).  As  mentioned  previously,  the 
arteries  of  Eledone  radiate  from  three  main  trunks:  — 
(1)  Anterior  aorta,  carrying  blood  to  the  cephalopedal 
mass,  the  mantle  and  anterior  portion  of  the  alimentary 
canal;  (2)  abdominal  aorta,  carrying  blood  to  the 
intestine  and  ink  sac ;  and  (•))  genital  artery,  running 
direct  to  the  genital  gland. 

The  anterior  aorta  is  a  large  vessel  which,  leaving 
the  heart,  runs  forwards,  and  curving  round  the  liver 
runs  dorsal  to  this  organ,  and  then  lying  to  tlie  right  of 
the  stomach  follows  its  outline  for  a  time.  Then,  enteriiig 
the  large  venous  sinus  surrounding  the  oesophagus,  it 
runs  alongside  and  to  the  i-iglit  of  tlie  latter  almost  as  far 
as  the  cranial  cartilage  (fig.  42,  Ant.  A.).  Soon  after  its 
origin,  the  anterior  aorta  gives  oif  a  large  branch  which 
immediately  bifurcates  into  the  right  and  left  pallia! 
aiferies  (fig.  42,  L.  PaU.  A.).  The  I'ight  vessel  curves 
round  dorsal  to  the  aorta,  and  then  iiins  internal  to  the 
visceral  envelope,  towards  the  funnel  retractor.  Just 
interior  to  this  it  gives  off  a  vessel  which  runs  up 
anteriorly,  on  the  inner  side  of  the  visceral  envelope, 
giving  off  several  small  branches  during  its  course 
(fig.  42,  V^E^A^).  This  artery,  after  furnishing  several 
small  branches  to  the  retradoi-  infundibnli,  (>n(ls  in  the 
base  of  the  funnel.  The  main  jiallial  vessel  now  runs 
below  the  posterior  pnit  of  this  funnel  retractor  muscle, 
and  so  gains  the  inner  face  of  the  ventral  part  of  the 
mantle,  .'ind  then   runs  dbl  I(|ii('l\-  to  the  stellate  ganglion 
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(fig.  42,  St.  G.).  On  its  way  it  gives  off  several  branches 
to  tlie  right  and  left,  which  end  in  the  substance  of  the 
mantle.  Running  below  the  stellate  ganglion,  the  pallial 
artery  ends  in  several  branches  which  divide  up  in  the 
mantle  substance. 

The  left  pallial  artery  runs  just  internal  to  the 
visceral  envelope,  dorsal  to  the  stomach,  where  it  gives  off 
a  posterior  branch  to  the  visceral  envelope.  Then,  running 
almost  transversely  to  the  left,  it  gains  the  left  depressor 
of  the  funnel,  after  giving  off'  an  anterior  branch.  From 
this  point  its  course  is  similar  to  that  of  the  right  pallial 
artery  (fig.  42,  L.  Pall.  A.).  Entering  the  venous  sinus, 
the  aorta  gives  off  a  second  large  branch,  the  visceral 
artery,  which  immediately  gives  off  a  branch  ending  in 
small  arteries  on  the  right  side  of  the  stomach.  Next  it 
gives  off  a  large  hepatic  artery,  which  enters  the  liver 
dorsally  and  posteriorly,  and  breaks  up  in  its  substance 
(fig.  42,  Hej)-  A.).  Then,  running  down  the  groove 
between  the  oesophagus  and  the  stomach,  it  gives  an 
anterior  branching  artery  to  the  lower  part  of  the 
oesophagus  (fig.  42 j,  an  artery  to  the  left  wall  of  the 
stomach,  a  branch  to  the  intestine,  and  ends  in  many 
branches  to  the  spiral  caecum.  The  aorta  is  hidden 
anteriorly  by  the  crop  and  salivary  glands ;  when  these 
are  turned  aside  it  may  be  seen  to  give  off  a  branch  at  the 
level  of  the  crop  to  the  alimentary  canal  (fig.  42,  Oes.  A.), 
and  this  branch  gives  off'  an  anterior  and  a  posterior  fork 
to  the  corresponding  parts  of  the  oesophagus,  and  several 
branches  to  the  walls  of  the  crop.  Near  the  anterior  end 
of  the  visceral  envelope,  the  aorta  gives  off  a  small  dorsal 
artery  to  the  muscles  of  the  neck  (fig.  42,  N.A.),  and  then 
divides  into  two  smaller  forks  which  run  one  on  each  side 
of  the  oesophagus.  An  aperture  on  the  ventral  surface 
of  the  brain,  between  the  anterior  infundibular  nerves. 
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allows  these  two  arteries  to  leave  the  central  cavity  of  the 
brain,  through  which  they  pass  posteriorly,  and  gain  the 
ventral  surface  of  the  buccal  mass,  over  which  they  run 
obliquely  (fig.  42,  C.A.).  At  the  anterior  end  of  this 
mass,  each  cephalic  artery  divides  again.  A  second 
division  of  these  four  branches  now  gives  the  eight 
brachial  arteries  (fig.  42,  Arm.  A.)  which  supply  the 
arms. 

Each  brachial  artery  runs  down  the  centre  of  the  arm, 
external  and  closely  applied  to  the  brachial  nerve 
(PI.  YIII.  fig.  80).  Externally  it  gives  off  a  series  of 
small  arteries  all  along  the  arm,  to  the  muscles  and  skin 
of  the  external  surface  of  the  arm,  and  to  the  web 
(PI.  VIII,  fig.  79).  Internally  the  brachial  artery 
furnishes  two  branches  to  each  sucker  (fig.  79,  ♦S'.  a.). 
These  run  up  one  on  each  side  of  the  corresponding  nerve 
ganglion,  and  penetrating  the  muscles  of  the  arm,  end  in 
superficial  small  branches  on  the  sucker  and  internal 
surface  of  the  arm.  The  brachial  artery  extends  to  the 
tip  of  the  arm,  its  size  decreasing  with  the  corresponding 
lessening  of  that  organ  towards  the  tip. 

Although  the  anterior  and  posterior  salivary  glands 
are  widely  separated  from  one  another,  yet  their  arteries 
have  a  common  origin.  Sooji  after  its  bifurcation,  the 
anterior  aorta  gives  oif  two  branches,  one  from  each  fork 
(fig.  42).  I'Jach  branch  immediately  divides  again,  one 
arter}^  running  posteriorly  to  the  corresponding  posterior 
salivary  gland,  which  it  enters  anteriorly  (fig.  42,  S^  ^i)i 
and  one  branch  (the  pharyngeal  artery,  fig.  42,  Ph.  A.) 
niiiiiing  anterioil y  lo  tlic  l)uccal  mass. 

The  pharvng«'al  arteries  ru)i  forwards,  one  on  each 
side  of  thi'  oesophagus,  tiirough  the  cranial  cavity,  and 
emerging  witli  the  oesophagtis  reach  the  buccal  mass. 
Ifeie     each     artery      runs     below     the     sub-oesophageal 
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ganglion,  but  internal  to  the  neurilemma  of  this  ganglion, 
i.e.,  between  the  neurilemma  and  the  ganglionic 
.substance,  and  then  divides  into  three  branches.  One  of 
these  supplies  the  anterior  salivary  gland  (PL  VI,  fig.  50, 
*S'.  A.),  the  anterior  branch  supplies  the  anterior  lateral 
-wall  of  the  buccal  mass,  and  a  third  branch  runs 
ventrally,  to  supply  the  ventral  posterior  portion  of  the 
buccal  mass  (fig.  50,  B^^  A^,  B.  A.).  Small  arteries 
accompany  several  of  the  nerves  given  off  by  the  sub- 
oesophageal  ganglion.  Anterior  to  the  salivary  and 
pharyngeal  arteries  a  second  branch  is  given  off  which 
divides  into  several  arteries  :  — (1)  an  artery  giving  oif  a 
branch  to  the  funnel  (fig.  42,  F.  A.),  and  then  running 
down  on  the  inner  side  of  the  visceral  envelope,  to  end 
there  by  splitting  up  into  many  smaller  branches  (fig.  42, 
V.  E.  A.) ;  (2)  a  branch  which  follows  the  course  of  the 
accessory  pallial  nerve,  and  so  supplies  the  muscles  of  the 
head,  and  the  lateral  chamber  of  the  funnel ;  (3)  a  branch 
to  the  eye  (fig.  ^2,  0 .  A.);  and  (4)  a  short  branch  running 
inwards  to  the  statocyst.  The  next  branch  given  off  by 
these  forks  is  a  second  artery  to  the  eye  (fig.  42,  0.  A.). 
A  second  very  fine  branch  to  the  anterior  part  of  the 
funnel  is  the  last  branch  given  off  by  the  two  forks  of  this 
aorta  (fig.  42,  i'\  ^4^). 

The  Abdominal  Aorta  is  much  more  slender  and  less 
important  than  the  anterior  aorta.  It  arises  anteriorly 
from  the  ventral  wall  of  the  left  chamber  of  the  heart, 
and  runs  forwards  and  ventrally.  Soon  after  its  origin  it 
gives  off  a  left  and  right  branchial  artery.  Each  of  these 
runs  transversely  across  to  the  corresponding  gill,  just 
dorsal  to  the  kidney  sac,  and  ventral  to  the  auricles 
(fig.  42,  Bl.  A.).  Further  along,  the  abdominal  aorta 
gives  off  the  artery  of  the  ink  sac,  which  runs  inwards 
and  forwards  to  the  base  of  that  organ,   giving  off  two 
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branches  to  the  intestine  on  its  way  (PI.  YI,  fig.  49, 
/.  S.  A.,  Int.  A.).  The  abdominal  aorta  now  curves 
ventrally,  and  can  be  seen  on  the  ventral  surface  of  the 
visceral  mass,  between  the  two  diverging  anterior  ends  of 
the  kidneys  (PI.  Y,  fig.  -37,  Abd.  A.).  After  giving  off  a 
fairly  large  branch  to  the  septal  muscle  (fig.  42,  Sept.  A.), 
the  abdominal  aorta  runs  up  alongside  the  intestine,  to 
end  in  fine  branches  on  the  rectum.  In  its  course  it  gives 
off  several  small  intestinal  branches,  and  also  a  second 
septal  branch  (fig.  42,  Se/jt^^  A^).  To  the  left  of  this  is 
an  important  branch  which  terminates  on  the  rectum, 
after  giving  off  several  ramifying  branches  to  the  surface 
of  the  liver,  and  a  branch  to  the  duct  of  the  ink  gland. 

The  right  branchial  artery,  soon  after  its  origin, 
gives  off  a  coronary  artery  to  the  walls  of  the 
ventricle.  The  left  branchial  artery,  running 
behind  the  left  kidney  sac,  soon  bifurcates  (PI.  A'l, 
fig.  51,  L.  Bl.  A.).  One  of  the  two  forks  running 
along  to  the  oviduct,  gives  off  one  or  two  small  branches 
to  the  auricle,  and  at  the  level  of  the  oviducal  gland 
sends  off  a  recurrent  branch  which  runs  down  between 
the  water  canal  and  the  oviduct,  to  end  in  fine  branches 
on  the  wall  of  the  genital  capsule  (fig.  51,  h\,  Rec). 
Other  branches  given  ott'  by  tliis  fork  run  to  the  flask- 
like portion  of  tlic  coeloin,  to  tlie  anterior  pait  of  the 
oviduct  (fig.  51,  u(l.),  and  to  the  oviducal  gland.  The 
otliei-  fork  ffig.  51,  F.^),  after  giving  off'  a  branch  to  the 
genital  capsuh.',  runs  over  and  feeds  the  branchial  heart, 
sends  a  second  braiich  to  the  gonatl,  and  ends  in  a  vessel 
running  to  the  gill  tip — alongside  the  bi-anchial  nerve 
-and  sup])1ying  cnrli  lonflol  with  nutrient  vessels  (fig.  51, 
Bl.  A.). 

The    Genital    aorta  i^  an    iiidcix'ndcni   artery,  given 
ort'  by  the  postoro-dnrsal  wall  of  the  left  cliainber  of  the 
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ventricle.  It  mns  posteriorly  to  the  g'enital  gland,  and 
ends  in  several  ramifying  branches  to  this  organ  (fig. 
42,  G,A.). 

Venous   System. 

The  blood  which  has  been  carried  to  all  parts  of  the 
body  by  the  aiteries,  ultimately  passes  from  the 
arterial  to  the  venous  capillaries,  and  then  flows  into  a 
system  of  veins  with  definite  walls,  which  carry  the 
de-oxygenated  blood  back  to  the  gills  for  aeration.  Hence 
in  Eledone,  as  in  most  Cephalopods,  the  circulatory 
system  is  highly  organised.  But  still  there  is  one  large 
venous  sinus  through  which  blood  flows  on  its  return  to 
the  gills. 

The  blood  from  the  arms  is  collected  into  two  rather 
wide,  superficial  vessels,  which  run  one  on  each  side  of 
the  arm  (PL  VII,  fig.  54,  Arm  V^,  Arm  F.^,  and 
fig.  oS).  These  lateral  veins,  externally  or  aborally 
receive  branches  from  the  aboral  part  of  the  arm,  and 
from  the  web.  Orally  they  receive  a  series  of  vessels 
which  alternate  with  the  suckers  (PI.  YII,  fig.  08).  All 
these  veins  are  superficial.  The  alternating  vessels  of 
one  side  of  the  arm  anastomose  at  their  origin  with  those 
of  the  other  side  of  that  arm  (fig.  58).  Towards  the 
bases  of  the  arms,  these  brachial  veins  join  in  pairs 
(figs.  52  and  54),  each  pair  being  formed  by  the  neigh- 
bouring veins  of  any  tAvo  successive  arms.  Thus  eight 
vessels  are  formed,  which  rvui  in  the  grooves  between  the 
arms  down  to  the  level  of  the  anterior  border  of  the  head 
(fig.  52,  Bf.  v.).  On  the  way  they  receive  numeious 
branches  from  the  surface  of  the  arms  and  the  web.  The 
posterior  ends  of  these  eight  vessels  are  united  by  a 
circidar  vessel  of  similar  width,  which  embraces  the  head 
superficially,   just  anterior  to  the   eyes.      Yentrally  this 
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ceplialic  vessel  joins  tlie  anterior  vena  cava,  a  wide  ve>M4 
running  over  the  \entral  wall  of  the  cranial  cartilag-e  and 
the  liver,  down  to  the  kidneys.  At  the  anterior  end  of 
these  it  bifurcates,  and  each  half  runs  behind  the 
corresponding  kidne}'  and  soon  meets  a  vessel  running  in 
from  the  middle  region  of  the  venous  sinus  (fig.  52, 
Ahd.  v.).  These  two  vessels  join  to  form  the  Lateral 
Yena  Cava  of  that  side,  which  slants  outwards  and  down- 
wards to  the  brancliial  heart,  behind  the  kidney  (tig.  52, 
L.  V.  C).  From  the  antero-external  angle  of  this  heart 
the  blood  is  led  by  the  afferent  bi'auchial  vessel  to  the 
gill,  and  is  distributed  to  branches  which  feed  each 
filament,  and  becoming  aerated  as  it  passes  through  the 
thin  gill  laminae,  is  collected  again  into  the  efferent  vessel 
of  the  gill.  The  circular  cephalic  vessel  also  receives  tlu> 
venous  blood  from  the  superficial  muscles  of  the  head  and 
neck  by  means  of  small  branches  which  run  into  its 
aboral  wall  (fig.  52,  Ceph.  V.  and  Sitj).  T  .).  The  ventral- 
mo.st  of  the  eight  interbrachial  vessels  appears  to  run  into 
the  cephalic  vein  sometimes  to  the  right  and  sometimes 
to  the  left  of  the  origin  of  the  anterior  vena  cava.  Some 
superKcial  muscles  must  be  dissected  away  to  expose  the 
circular  vessel  fully. 

Below  the  oiigin  of  the  second  ventral  interbrachial 
vessel  on  each  side,  a  large  vessel  runs  in  from  the 
surface  of  the  mantle  and  the  eye  (fig.  52,  J/.l'.j.  Tlie 
origin  of  this  vessel  is  in  the  mantle.  The  whole  of  the 
anterior  part  of  the  raautle  is  drained  (PI.  VII,  fig.  57)  by 
a  series  of  vessels  of  which  only  (1)  is  on  the  internal 
surface,  while  (2,  3  and  4)  are  external.  These  four 
vessels  unite  to  form  one,  which  then  receives  a  branch 
from  the  postero-doisa!  surface  of  Iho  eyeball,  and  one 
from  the  corresponding  laleral  wall  of  the  funnel 
(fig.  52,  I'\V^).     liunning  up  the  ventral  surface  of  the 
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eyeball,  just  below  the  skin,  tliis  vessel,  after  receivinj:!^ 
small  braiicbes  on  its  way,  joins  the  cephalic  vessel.  The 
posterior  part  of  the  mantle  is  drained  by  veins 
which  radiate  from  a  vessel  running  through  the 
substance  of  the  mantle  from  its  internal  surface  (figs.  52 
and  57,  il/^r^}.  Here  it  is  joined  by  the  pallial  vein, 
and  a  vein  from  the  so-called  branchial  "  blood-making 
yland."  The  large  vessel  formed  bv  the  union  of  these 
three  enters  the  lateral  vena  cava  ventrally  just  before 
the  latter  enters  the  branchial  heart. 

The  pallial  vein  runs  ventral  to  the  corresponding 
])allial  artery,  down  from  the  stellate  ganglion  towards 
the  branchial  heart.  It  is  formed  by  the  union  of  an 
anastomosing  network  of  vessels  over  the  ventral  surface 
of  the  stellate  ganglion,  a  branch  from  the  great  lateral 
muscle,  and  several  branches  from  the  mantle,  and  on  its 
course  receives  several  small  pallial  veins  (fig.  52, 
Pall.  v.). 

The  Anterior  Yena  Cava  lies  en  the  median  ventral 
surface  of  the  visceral  mass  and  is  exposed  at  the  same 
time  as  the  visceral  nerves,  by  removing  the  septal  muscle 
and  the  epithelium  covering  the  visceral  mass.  It  lies 
to  the  left  of  the  rectum.  Its  walls  are  membranous  and 
semi-transparent.  Posteriorly,  as  mentioned,  it  ends  in 
two  forks  which  help  to  form  the  lateral  venae  cavae,  and 
anteriorly  it  originates  in  a  vessel  given  off  from  the 
ventro-posterior  wall  of  the  anterior  division  of  the  great 
venous  sinus  (figs.  52  and  53,  /S\Fj).  Soon  after  its 
origin  it  bifurcates,  and  the  two  halves  rim  round  the 
origin  of  the  Internal  funnel  protractors,  and  join  again 
below  it  (fig.  52),  Each  of  these  halves  receives  a  vessel 
which  comes  from  the  venous  sinus  surrounding  the  white 
body,  optic  ganglion,  &c.,  of  the  eye,  pierces  the  ventral 
cranial  wall  obliquely,  and  then  enters  the  vena  cava  (fig. 
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52,  Orb.V.).  Jusl  behind  the  urijyin  of  the  fumiel  ]no- 
tractors  are  seen  t^ro  veins  from  the  muscles  of  the  head, 
and  a  single  ventral  vein  formed  by  the  union  of  two 
running  down  the  back  of  the  funnel  (fig.  52,  F.V.).  At 
the  level  of  the  posterior  edge  of  the  funnel  another  brancli 
enters,  which  is  formed  by  the  union  of  branches  from  tlie 
anterior  surface  of  the  visceral  envelope  and  the  posterior 
dorsal  funnel  wall  (fig.  52).  Further  back  the  anterior 
vena  cava  receives  a  vessel  dorsally  from  the  antero- 
ventral  surface  of  the  liver.  This  vessel  also  rocoives  a 
vein  from  the  wall  of  the  rectum.  Yentrally,  aliont  the 
same  level,  a  pair  of  veins  comes  in  from  the  funnel 
depressors,  receiving  small  branches  from  the  visceral 
envelope  on  their  way.  The  next  branch  is  from  the 
septal  muscle,  and  is  succeeded  by  another  large  vein 
from  the  liver,  entering  dorsally,  and  draining  the  [)()s- 
terior  part  of  this  organ.  The  final  vessel  which  enters, 
just  before  bifurcation,  is  from  the  intestine.  The  small 
side  fio-.  in  (io-.  .")2  illustiates  the  two  valves  at  the  anterior 
end  of  the  vena  cava. 

The  Lateral  Yenae  Cavae,  and  the  two  vessels  which 
I'un  into  them  from  the  venous  sinus,  bear  the  so-called 
venous  appendages  on  their  posterior  walls  (fig.  52,* 
Ahd.V.  and  L.V.C.).  These  appendages  are  club-shaped 
outgi'owths  of  the  vessel  wall,  arranged  in  five  or  six 
irregular  rows,  the  narrow  end  being  that  by  wliich  they 
open  into  the  veins.  On  opening  up  the  lateral  vena  cava 
(fig,  56)  and  examining  the  ])oste7ior  internal  wall,  one 
sees  the  circular  aperture  leading  into  each  venous 
appendage.  This  apertiire  opens  into  a  short  vessel  whose 
walls  are  again  pierced  by  other  smaller  a[)ertures  leading 
into  a  smaller  series  of  vessels  similaily  pierced,  and  so 
on,  so  that  each  ap])endage  contains  in  its  interior  a 
nystem   of  radiating  vessels   uliich    uliimatcly   opens   into 


ELEDONE.  521 

tlie  great  venii  cava  ;  and  the  blood  in  the  vena  cava  thus 
penetrates  into  this  intricate  system  in  the  appendages  on 
its  way  to  the  gill.  Xow  externally  these  appendages  are 
covered  b}^  the  glandular  wall  of  the  kidney,  as  they 
encroacJi  on  the  cavity  of  the  kidney  sac.  They  show 
many  furrows  and  minute  holes  on  their  external  svirface, 
which  are  lined  by  the  glandular  kidney  epithelium. 
Hence  the  blood  contained  in  the  vascular  network  in  the 
appendages  comes  into  intimate  connection  with  the 
glandular  cells  of  the  kidney,  and  is  deprived  of  its 
excretory  products.  The  appendages  are  spongy  and 
yellowish  in  colour,  and  show  through  the  ventral 
transparent  wall  of  the  fresh  kidney.  The  two  vessels 
running  to  the  venae  cavae  from  the  venous  sinus  each 
give  off  a  small  branch  to  the  ventricle  near  their  ventral 
ends  (fig.  53,  Cor.V.).  Into  the  right  abdominal  vein 
opens  a  large  vein  formed  by  the  union  of  many  branches 
from  the  genital  gland.  Half  way  along  its  course  this 
vein  receives  two  lesser  vessels  from  the  dorsal  region  of 
the  visceral  envelope,  and  a  branch  from  the  spiral  section 
of  the  sinus  (fig.  53,   V.E.V.). 

The  Branchial  hearts  are  purplish  glandular  organs 
at  the  base  of  each  gill,  into  which  the  lateral  venae 
cavae  open,  one  at  each  side  (PL  YII,  figs.  52  and  55).  This 
round  opening  is  guarded  by  two  semi-lunar  valves  which 
open  into  the  afferent  vessel,  and  prevent  the  reflux  of 
blood  from  the  gill  (PL  VII,  fig.  56).  The  branchial 
heart  is  an  organ  with  very  thick  spongy  walls,  composed 
of  soft  cellular  tiss^ie.  The  central  lumen,  however, 
which  these  walls  enclose  is  very  small.  On  the  internal 
surface  of  the  wall  numerous  large  and  small  holes  may 
be  seen,  which  lead  into  short  canals  (PL  VII,  fig.  56), 
from  which  other  smaller  passages  lead  off,  and  a  third 
series  from  the  second,  and  so  on,  the  ultimate  apertures 
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leadino-  into  small  caeca.  Hence  the  wall  of  tlie  branchial 
heart  is  penetrated  in  every  direction  by  a  system  of  short 
vessels,  which  lead  ultimately  into  the  lumen  of  the 
heart.  Therefore  venous  blood,  on  entering^  the  organ, 
jjenetrates  into  this  system  of  vessels  before  it  passes  o]i 
into  the  afferent  vessel  which  is  given  off  at  the  aiitero- 
external  angle  of  the  heart.  Cuenot  considers  that  the 
purplish  colour  of  the  branchial  heart  is  due  to  the 
purplish  concretions  found  in  the  cells  of  which  it  is 
composed.  By  experiment  he  has  proved  that  these  cells 
are  excretory,  and  therefore  that  the  branchial  heart  is  a 
glandular  organ.  The  venae  cavae,  branchial  liearis  and 
vessels,  and  main  aortae,  as  well  as  the  heart,  are  all 
rhythmically  contractile. 

The  Venous  Sinus  extends  from  behind  the  mouth  to 
the  posterior  edge  of  the  stomach,  and  is  divided  into  three 
cavities — anterior,  central  and  posterior,  the  first  two  of 
which  communicate  by  important  vessels  with  the  large 
veins.  The  wall  of  the  sinus  is  a  tough  transparent 
membrane. 

1.  The  anterior  division  is  small  and  is  joined  to  the 
middle  division  by  a  narrow  region,  which  runs  with  the 
oesophagus  through  the  cavity  of  the  ring-like  central 
nervous  system  (fig.  53).  The  thin  wall  becomes  adherent 
to  tlie  buccal  mass  about  half-way  down  its  length 
(fig.  •")-'{,  B.M.),  thus  forming  the  anterior  boundary  of 
the  sinus.  Hence  the  posterior  portion  of  the  buccal 
mass,  the  anterior  salivary  glands,  and  th<>  anterior 
|)ortion  of  the  oesophagus,  are  bathed  in  Ihe  blood 
contained  in  this  division  of  the  venous  sinus. 

2.  The  central  division  is  much  Jaiger,  and 
ii;iri'o\\('r  in  tlic  middle  region  than  at  its  two  extremities, 
and  contains  tiic  oesophagus,  crn]>,  posterior  salivary 
glands  and   sif)ma(li.       Ilo\v<'ver,   tli<'   liver  and  ink   sac, 
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enclosed  in  their  common  envelope^  lie  wholly  outside  and 
ventral  to  the  sinus  (fig.  53,  S^V^).  The  anterior  aorta 
penetrates  into  the  latter  at  the,  anterior  end  of  the 
stomach,  and  runs  therein,  leaving  it  only  after  its 
anterior  bifurcation.  Several  small  infoldings  of  skin 
attach  the  stomach  to  the  wall  of  the  sinus,  forming  small 
mesenteries  (fig.  5-3,  Mes.).  The  two  abdominal  veins 
running  from  this  cavity  to  the  venae  cavae,  leavfi  it 
dorsally,  one  at  each  side,  towards  the  anterior  end  of 
the  stomach  (fig,  53,  Abd.V.).  Thus  the  blood  from  the 
sinus  is  drained  oif  by  these,  and  passes  direct  to  the 
lateral  venae  cavae,  and  thence  to  the  gills. 

3.  The  posterior  division  contains  the  spiral  caecum, 
which  is  attached  to  its  wall  by  several  small  mesenteries. 
The  anterior  wall  of  this  resrion  is  common  to  it  and  the 
middle  division,  but  forms  only  an  incomplete  septum, 
allowing  free  passage  of  blood,  as  it  is  pierced  dorsally  and 
ventrally  by  a  row  of  rather  large  holes  (fig.  53,  Lac). 
The  intestine  soon  after  its  origin  pierces  the  wall  of  the 
middle  region,  and  then  bending  up  over  the  ventral 
surface  of  the  liver,  lies  wholly  outside  the  sinus  (fig.  53). 
The  two  hepatic  ducts  pierce  the  wall  of  the  posterior 
region,  and  uniting  inside  this  part  of  the  sinus,  enter  the 
spiral  caecum.  Into  the  adjacent  portions  of  the  venous 
sinus  open  small  veins  from  the  buccal  region,  lips, 
surface  of  the  brain,  and  the  different  organs  of  the 
alimentary  canal  which  float  freely  in  the  sinus. 

RESPIEATOEY    SYSTEM. 

(I)     Respiration. 

The  respiration  of  Eledone  appears  to  agitate  the 
whole  of  the  trunk.  Water  enters  the  mantle  cavity  by  the 
anterior  opening  during  the  period  of  inspiration,  when 
the  sides  of  the  body  may  be  seen  to  swell  outwards.     At 
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this  time  tlie  auterior  edge  of  tlie  funnel  curves  inwards, 
and    so    causes   the    funnel    aperture    to   become    almost 
completely  closed  (PI.  II,  fig.  la,  f.cL).     In  this  sketch 
it  Avill   also  be  seen  that  the  anterior  mantle  slit  is  now 
widely  opened,  to  allow  the  water  to  pass  inward  [m.oji.)- 
Inspiration  is  accompanied  by  a  slight  movement  upwards 
and  backwards  of  the  whole  body.       During  expiration, 
the  Vails  of  the  body  contract  again,  as  the  amount  of 
water   contained   in   the    maiitle    cavity   becomes    greatly- 
diminished.      This  water  is,  however,  bound  to  go  out  by 
the  anterior  funnel  aperture   (fig.    Ih,   f.op.),  for   this   is 
now  wide  open  while  the  mantle  slit  is  tightly  closed  by 
the  locking  apparatus  (fig.  Ih,  m.cL).     With  expiration 
the  body  moves  slightly  downwards  and  forwards.     When 
a  stream  of  borax  carntiuc  was  passed   in   at   the  mantle 
a})eiture.  during  inspiration,  it  was  passed  out  again  as  a 
red    jet,     fi'om     the     anterior    funnel     opening,     during 
expiration.       Thus  the  way  the  respiratory  water  passes 
was  indicated.     The  stream  of  Avater  thus  ejected  is  sent 
out  with  great  force,  and  disturbs  the  surrounding  water 
for   a   considerable    distance.       There    appears    to   be    no 
constant  rate  of  respiration.     After  a  period  of  rest,  say 
in  the  early  morning  in  an  aquarium,  the  rate  is  some- 
times as  low  as  six  per  minute,   while  after  agitation    it 
increases  to  sixteen  per  minute.     During  the  daytime  it 
averaged  twelve  to  fourteen.     Smaller  speciinens  ap])ear  to 
l)reathe  rather  more  rapidly  than   larger  ones.        AVhile 
resting,  the  lip  of  the  funnel  is  generally  seen  2)i"otruding 
cither    from    below    tlic   right     or    the  left    side    of    the 
body     (Text     fig.     I).        Kvery     now     and     then     ]^]ledone 
elianges  the  funnel   over  from  one  side  to  the  other,  and 
while     "^o     doiiig     thi'     i('S])iratory     niov(Mnents     slacken 
(•onsidei;il)l\  .      (Mien    the    lioily    will    l)e    nolicecl    to    lieave 
convulsively,  and  (h>'  respiiiit ion  to  quicken  greatly,  for  a 
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short     time,     when     tliere     is     no     apparent     cause     for 
disturbance. 

(II)     Eespiratory    Mechanism. 

1.  Gills. — Eledoue,  in  common  with  all  the  living 
Cephalopods  except  Nautilus,  is  Uibranchiate,  i.e.,  it  has 
a  single  pair  of  gills.  Morphologically  these  gills 
represent  part  of  the  inner  surface  of  the  mantle,  which 
has  been  specialised  for  respiratory  purposes.  They  are 
situated  in  the  mantle  cavity,  laterally  to  the  visceral 
mass.  When  the  mantle  is  cut  open,  and  turned  back  (as 
in  fig.  11),  the}-  may  be  seen  slanting  obliquely  outwards 
and  upwards  from  the  posterior  end  of  the  visceral  mass. 
In  fig.  8,  Avhich  shows  the  left  division  of  the  mantle 
cavity,  only  one  may  be  seen.  They  are  attached  both  to 
the  mantle  and  to  the  visceral  mass.  The  gill  may  be 
considered  as  a  slender  hollow  cone,  with  the  apex 
pointing  upwards  and  outwards.  The  hollow  which  forms 
the  base  leads  into  the  cavity  of  the  cone,  whose  walls  are 
formed  by  the  branchial  leaflets.  The  cone  is,  however, 
laterally  compressed,  and  is  attached  to  the  mantle 
dorsally,  but  free  ventrally.  Along  this  dorsal  attached 
axis  of  the  gill  runs  the  afferent  vessel,  while  along  the 
free  one  runs  the  efferent  vessel,  so  that  the  plane  joining 
these  two  axes  bisects  the  gill,  and  is  at  right  angles  to 
the  plane  of  the  maiitle.  The  tip  of  the  cone  is  situated 
just  posterior  to  the  level  of  the  anus,  while  the  base  is 
slightly  behind  the  urinary  papilla.  Below  this  may  be 
seen  the  branchial  heart,  which,  receiving  blood  from  the 
body,  pumps  it  on  through  the  afferent  vessel  to  the  gill 
tor  aeration.  Posteriorly  the  gill  is  bound  to  the  visceral 
mass  by — (1)  The  two  muscular  bands,  mentioned  in  the 
description  of  the  mantle  cavity.  The  first  runs  down  the 
ventral  side  of  the  efferent  vessel,  from  its  tij),  and  then, 
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leaving  this  vessel  at  the  base  of  the  gill,  is  continued  in 
towards  its  fellow  over  the  ventral  side  of  the  visceral 
mass.  The  second,  running  along  the  inner  side  of  the 
afferent  vessel  from  its  tip,  is  inserted  with  the  depressor 
infnndibuli  into  the  mantle,  at  the  anterior  end  of  the 
mantle  cartilage  of  its  side.  These  two  bands  of  muscle 
probably  serve  to  deflect  the  gill,  and  also  by  their 
contraction  help  the  circulation  of  blood  in  the  vessel 
each  respectively  covers.  (2)  The  afferent  and  efferent 
vessels,  which  are  continued  from  the  gill  into  the  visceral 
mass,  help  to  bind  them. 

The  septum  which  joins  the  mantle  and  gill  together 
is  triangular  in  shape.  The  apex  of  the  triangle  points 
posteriorly,  and  the  base,  which  is  the  shortest  side, 
anteriorly.  This  side  is  free,  and  allows  the  gill  to  be 
deflected  laterally.  That  side  of  the  triangle  which  joins 
on  to  the  mantle  is  the  longest  (PI.  Y,  flg.  59,  Br.  mem.). 
The  dorsal  part  of  the  septum  is  thin,  membranous  and 
transparent  in  a  fresh  specimen,  but  along  the  edge 
attached  to  the  gill  runs  a  broad  fleshy  band,  the  so-called 
■'  spleen,''  which  lies  dorsal  to  the  afferent  vessel  (fig.  59, 
Br.gld.).  During  life  the  gills  are  exceedingly  graceful 
objects,  semi-transparent  and  colourless,  and  are  deflected 
laterally  to  and  fro  in  the  mantle  cavity. 

The  structure  of  the  gill  is  exceedingly  complex, 
much  more  so  than  the  gill  of  Sepia  and  other  Decapods. 
The  walls  of  the  hollow  gill  cone  are  formed  by  pillars  of 
f'onnective  tissue  penetrated  by  blood  vessels,  and  bearing 
the  aerating  filaments  on  their  outer  surface  (PL  \,  flg. 
(iOj.  There  are  eleven  to  thirteen  pairs  of  leaflets  in 
Eledone,  the  number  varying  sliglitly  with  the  si/e  of  the 
specimen.  These  are  arranged  in  alternate  pairs,  i.e.  the 
supporting  pillars  on  the  extei'iial  side  of  the  gill 
alternate  with  those  on  tlie  internal  surface.       Counting 
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towards  tlie  tip,  from  the  base  of  the  gill,  the  leaflets  at 
first  increase  in  size,  the  third  pair  being  the  largest,  and 
from  here  they  gradually  decrease  towards  the  tip.  The 
aerating-  filaments  stretch  from  the  afferent  to  the  efferent 
vessels,  and  each  leaflet  is  separated  from  its  neighbours 
by  a  slit.  Hence  water  can  pass  in  and  out  of  the  cavity 
of  the  gill  either  by  the  hole  at  the  base,  or  by  the  slits 
betweenthe  gill  leaflets.  Looking  through  these  slits  on 
the  external  side  of  the  gill,  the  leaflet  of  the  other  side 
may  be  seen  (fig.  60,  L.  and  L^.  This  sketch  shows  a 
part  of  the  gill  from  the  internal  side.  At  the  bottom  is 
the  branchial  gland,  and  from  it  three  gill  leaflets  may  be 
seen  running  ventrally  to  the  efferent  axis  of  the  gill. 
The  centre  leaflet  has  been  taken  away  except  for  a  part 
at  the  base,  in  order  to  show  more  clearly  the  two 
alternating  ones  on  the  opposite  side.  Posteriorly,  these 
leaflets  are  attached  to  the  outer  side  of  the  aflerent  vessel 
which  runs  up  the  gill  on  the  inner  side  of  the  spleen 
(PL  A'lII,  fig.  G-jj,  lessening  in  size  as  the  gill  naiTows 
to  the  tip.  Thus  the  afferent  vessel,  covered  over  by  the 
general  lining  of  the  mantle  cavity,  forms  the  dorsal  wall 
of  the  cavity  of  the  gill.  Similarly  on  the  outer  edge  of 
the  gill,  the  efferent  vessel  runs  from  its  tip  downwards, 
but  a  thin  sheet  of  connective  tissue  (fig.  60,  C.T.), 
running  inwards  into  the  gill  cavity  from  the  efferent 
axis,  along  the  median  plane,  separates  the  efferent  vessel 
from  the  cavity  of  the  gill,  and  forms  the  ventral 
boundary  of  the  latter  (figs.  60  and  63). 

The  complex  gill-leaflets  are  attached  ventrally  to 
this  sheet  of  tissue.  First  considering  each  leaflet  as  a 
single  sheet,  it  is  seen  tliat  the  aerating  portion  or 
filament  is  on  the  external  side  of  the  attaching  pillar, 
and  is  consequently  bathed  in  the  water  of  the  mantle 
cavitv.        Hence  blood   brought   into   these  filaments  for 
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aeration  comes  into  contact  with  the  constantly  changrinsr 
water  supply  of  the  mantle  cavity,  and  is  only  separated 
therefrom  hy  the  very  delicate  tissue  of  the  g-ill  filaments. 
Now,  each  filament  is  not  a  plain  sheet,  but  is  crinkled 
or  folded  in  such  a  way  as  to  form  half  cylinders,  Avhich 
alternate  with  one  another  as  do  the  leaflets  themselves, 
on  each  side  of  the  tissue  which  forms  the  axis  of  the 
filament.  Iliis  may  be  understood  from  the  fiorure 
where  the  crinkled  filament  is  shown  from  the  external 
surface  (fig.  62,  f^,  f^,  f^).  This  sheet  of  alternating; 
semicyliudrical  folds  does  not  extend  along  the  full 
length  of  the  supporting  pillar,  but  only  aloiig  the 
anterior  two-tliirds  in  the  case  of  all  the  filaments  on  tlio 
internal  side  of  the  gill,  while  those  on  the  external  side 
bear  the  aerating  folds  all  along  their  length,  and 
consequently  there  are  more  of  these  folds  here  (fig.  (!(), 
L^).  The  number  of  aerating  folds  also  varies,  of  course, 
with  the  size  of  the  leaflet. 

Now,  if  we  consider  each  filament  as  an  element 
of  the  first  order,  each  of  these  is  crinkled  intd 
alternating  elements  of  the  second  order,  these  again,  in 
the  same  way,  into  elements  of  the  third  order,  and  so  on 
until  the  eighth  series  of  elements  is  reached,  these 
ultimate  folds  being  microscopic.  Accessory  gill  leaflets 
are  situated  on  the  vertical  septum  interior  to  the  efferent 
vessel,  and  occur  in  pairs  between  successive  leaflets  (fig. 
00,  L.aec.)  all  along  the  gill.  Probably  they  originally 
wei-e  attached  to  the.se  leaflets,  and  now  li;i\t>  moved 
slightly  away.  They  equal  one  of  the  folds  ol  Ihe  true 
leaflets  in  .size.  In  .shape  they  are  triangulai.  I  lie  apex 
of  the  leaflet  pointing  downwai'ds.  Kacli  is  crinkled  into 
five  or  six  pairs  of  secondary  elements,  whose  fnitlier 
structure  exnctly  resembles  tiiat  of  the  ordinary  secondai-y 
eleiiieiit    of  tlie  gill. 
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The  afferent  vessel  of  the  gill  runs  along'  the  doi-sal 
wall  of  the  branchial  cone  (PI.  VIII,  fig.  63),  ventral  to 
the  spleen,  giving  oft'  alternate  branches  on  its  way,  to  the 
alternating  internal  and  external  gill  leaflets.   Narrowing 
down  with  the  gill,  it  runs  to  its  tip.       The  branch  to  the 
leaflet  runs  in  the  supporting  pillar,   and,   therefore,   on 
the  side  next  to  the  gill  cavity.       Running  along  to  the 
ventral  side  of  this  cavity,  it  joins  another  venous  vessel, 
parallel  to    the    main    afferent    vessel,    and   forming    the 
ventral  wall  of  the  gill  cone  (fig.  63).       Again,  each  of 
these  vessels  to  the  leaflets  or  primary   elements  of  the 
gill,     gives     ott'     similarly     alternating     vessels     to     the 
secondary  elements  of  the  gill  (fig.  63,  F^,   F^),  and  so 
on.       However,  these  vessels  run  along  the  outer  edge  of 
the  secondary,  tertiary,  &c.,  elements  (fig.  62).       On  the 
internal   surface   of   the   gill,    where   the   leaflets   do   not 
bear   secondary   elements   all  along   their   axis,    the   four 
lowest  folds  receive  blood  from  a  common  vessel  (fig.  63). 
The  secondary  vessels  running  up  along  the  outer  edge 
of  the  corresponding  folds,  decrease  in  size  and  end  on 
the  external  surface  of  the  gill,   at  the  tip  of  the  fold 
(fig.  62).       As  there  are  eight  series  of  gill  elements,  and 
consequently   eight   series   of   vessels,    the  ultimate   ones 
are  extremely  fine.     They  open  into  a  venous  lacuna  in 
the   gill   filaments,    and  the  blood   which   by  now   is   in 
great  part  aerated  and  arterial,  is  gathered  up  again  into 
a  network  of  arterial  capillaries.       Each  accessory  leaflet 
receives  blood  from  a  vessel  given  off  by  the  vein  parallel 
to  the   main  afferent  vessel,   and  described   above.     This 
vessel  riins  along  the  outer  surface  of  the  accessory  leaflet 
and  divides  up  exactly  as  do  the  branches  to  the  .secondary 
elements  of  the  giU  (fig.  63), 

The  finest  arterial  capillaries  of  the  efferent  vessels 
are  situated  in  the  eighth  elements  of  the  gill.        Each 
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fold  here  sends  off  rather  larger  vessels,  that  form  a  soiik^- 
what  coarser  mesh\vork  in  the  seventh  element,  and  so 
on,  till  the  secondary  elements  are  reached.  Now,  in 
the  axis  of  each  gill  filament,  abont  halfway  betAveen 
the  internal  and  t>xternal  surfaces,  runs  the  artery  from 
this  leafiet,  out  to  the  efferent  gill  vessel  (fig.  61,  ^4,). 
It  originates  in  branches  from  the  network  of  vessels  in 
the  secondary  elements  of  the  gill,  and  the  latter  must 
be  turned  aside  to  disclose  both  the  arter}*  and  the 
network  (fig.  61,  A".). 

The  efferent  vessels  of  the  accessory  leaflets  also 
originate  in  a  network  of  capillaries.  .  The  mesh  work 
of  arteries  increases  in  size  iji  succeeding  elements  of  the 
gill.  Ultimate!}'  they  open  into  two  vessels :-—(«)  A 
sinuous  vessel  common  to,  and  between  the  two  leaflets, 
and  opeiiing  into  the  efferent  vessel  of  the  true  leaflet 
between  them,  but  on  the  opposite  side  of  the  gill  (fig.  ()-"), 
and  (b)  A  sinuous  vessel  on  the  other  side  of  each 
accessory  leaflet,  running  into  the  efferent  vessel  of  the 
leaflet  adjacent  (fig.  63,  2). 

The  so-called  Spleen  or  branchial  gland  of  the 
Cephalopods,  would  appear  to  have  some  intinu\tc  con- 
nection with  the  l)l(i<i(l,  as  it  is  irrigated  by  both  arterial 
aJid  venous  blood,  and  is  placed  close  to  the  gill.  It  is 
built  u])  of  polygonal  cells,  separated  by  lacunae  of 
vai'ious  sizes  containing  blood  (PI.  \'l,  fig.  (i-lr/ ;  h.s.  and 
/.h.s.).  There  are  no  true  capillary  vessels  whatsoever. 
It  receives  blood:  (1)  from  branches  which,  coming 
from  the  afferent  vessel,  furnish  venous  blood  (fig. 
6-'l,  Aff.v) ;  and  (2)  from  arteries  running  down 
the  supporting  pillars  of  the  branchial  leaflets.  These 
arteries  originate  in  a  network  forined  by  the  arteries 
of  the  acoessoi-^'  gills  (fig.  6'{).  This  blood  mixes 
in     the    interi-ellular    lacunae    of    tlie     l)i;in(  li  ial     •'land. 
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and  passing-  off  in  tlie  vessel  on  its  inner  side,  is  carried 
back  by  a  vein  to  tlie  lateral  vena  cava  (fig.  63,  Br.  gld. 
v.).  This  it  enters  jnst  external  to  the  branchial  heart. 
Probably  this  gland  is  connected  with  the  manufacture 
of  the  corpuscles  of  the  blood  of  Eledone — and  other 
Cephalopods. 

2.  Skin. — As  the  skin  of  Eledone  is  very  plentifully 
supplied  with  capillaries,  especially  from  the  venous 
system  (figs.  57  and  58),  it  is  possible  that  there  is  also  a 
certain  amount  of  cutaneous  respiration. 

COELOM. 

All  Molluscs  have  a  reduced  coelom,  and  a  corre- 
spondingly dilated  haemocoel.  Although  this  pheno- 
menon of  "  phleboedesis  "  has  not  been  carried  so  far  as 
in  the  Arthropoda,  still  (1)  the  coelom  has  ceased  to  be 
a  true  perivisceral  cavity  and  its  main  remnants  are  the 
pericardium  and  the  genital  cavity,  which  still  communi- 
cate with  one  another ;  and  (2)  large  venous  sinuses  occur, 
forming  a  secondary  body  cavity. 

Whereas  in  Sepia  the  pericardium  and  genital 
cavity  are  both  well  developed,  and  are  only  separated 
from  one  another  by  an  incomplete  dorsal  septum,  in 
Ehdorw  and  other  Octopoda  the  pericardial  division  is 
greatly  modified  and  reduced.  It  is  represented  by  a  pair 
of  thin-walled,  semi-transparent,  flask-shaped  pouches 
(PI.  Y,  fig.  40,  Cod.),  situated  laterally,  dorsal  and 
posterior  to  the  base  of  the  ureters.  Posteriorly  each  pouch 
contains  the  corresponding  branchial-heart-appendage, 
or  pericardial  gland  (fig.  40,  Br.  app.),  while  anteriorly 
it  opens  into  the  corresponding  ureter,  by  an  oval  reno- 
pericardial  apei-ture  in  the  dorsal  wall  (fig.  40,  R.  Pc.  ap.). 
The  genital  division  of  the  coelom  is  well  developed   in 
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Eledoiu',  and  comnuiiiicatos  with  the  exterior  directly  by 
lueaiis  of  the  <i'euiial  duels  and  indirectly  by  means  of  the 
so-called  "  Water  Vascular  Canals."  These  are  two  long 
slender  ducts  leading  from  the  genital  gland  into  the 
pericardium.  The  right  duct  is  partly  shown  (fig.  40, 
W.  V.  C.)  where  the  canal  runs  dorsal  to  the  right  kidney 
and  pericardium,  and  opens  into  the  latter  dorsally,  just 
behind  the  reno-pericanlial  opening.  In  the  female  there 
are  two  synuuetiical  canals  wliich  are  long,  slender  and 
thick-walled,  and  open  posteriorly  into  the  genital  capsule 
(PI.  Y,  fig.  39,  W.  V.  C.  and  af.  int.)  These  internal 
apertures  are  just  exterior  to  the  internal  apertures  of  the 
oviduct  (fig.  39,  I.  od.  ap.  int.).  In  the  male,  liowever, 
(he  right  canal  alone  resembles  that  of  the  female  in  width 
and  position,  while  the  left  is  much  wider — particularly 
in  the  region  near  the  genital  gland — and  opens  into  the 
genital  capsule  quite  anteriorly  (Text  fig.  VII,  A. p.  90). 
In  both  sexes  the  jn'ricardial  poiu-hes  and  the  water  canals 
are  lined  by  ciliiited  epithelium,  and  as  shown  (PI.  YI, 
fig.  51),  the  water  canal  follows  the  course  of  the  sexual 
duct  for  the  greater  part  of  its  length. 

EXCRETOHV    SVSTEi\[. 

The  Kidneys — a  single  pair  of  laige  transparent  sacs 
arc  exposed  by  stripping  off  the  epithelium  which  covers 
the  visceral  mass.  They  lie  on  the  postero-ventral  surface 
of  the  visceral  mass,  ventral  (o  the  hcarl  and  |)osterior 
to  the  greater  part  of  the  alimentary  <'anal  (  IM.  \',  tig.  37, 
R.K.).  The  left  l<idney  strctciics  a  little  further  forward 
than  the  right.  In  young  females  ihese  sacs  may  cove]' 
the  whole  |iost('i()-\i'ii  1 1  ;i  I  suri'ac(>  ot  the  hody,  l)ul  in  older 
b'tiiah's  mill  all  ni;ilc-<  the  gcnilal  gland  |insh('S  ihoni 
anteriorly  and   lalei;il|y,  by  ils  xcntral   |)i-olrnsion  (tig.  37, 
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G.).  Hence  the  kidneys  tend  to  diverge  posteriorly. 
They  are  triangular  in  shape,  the  longest  side  being 
external.  As  the}'  are  wholly  independent  of  one  another, 
they  differ  from  the  kidney's  of  Sepia,  where  the  two  are 
in  direct  communication.  The  ureter  is  situated  half  way 
down  the  external  side  of  the  sac,  and  bears  the  urinarj'^ 
aperture  at  the  tip  (fig.  87,  Ur.  f.).  "\Vlien  fresh,  the 
intestine,  heart,  liver,  etc.,  may  be  seen  through  the 
transparent  walls  of  the  urinary  sacs.  On  opening  the 
kidney  it  is  found  to  contain  a  thick  colourless  liquid  in 
which  may  be  seen  yellowish  accretions  of  guanin — both 
the  liquid  and  the  guanin  being  excretory'  products 
eliminated  from  the  blood  by  the  glandular  cells  of  the 
kidney.  Eoundish  colourless  corpuscles  are  found  floating 
in  the  kidney  fluid,  and  also  numbers  of  the  small 
Mesozoan  parasite,  Dicyenui  mulleri,  in  various  stages  of 
development  (PL  X,  fig.  81).  Behind  the  kidney  run  the 
lateral  venae  cavae,  and  the  two  abdominal  veins,  and 
where  these  vessels  touch  the  kidney  wall  they  are 
produced  into  the  club-shaped  venous  appendages.  The 
kidney  wall,  which  elsewhere  is  quite  smooth,  membranous 
and  non-glandular,  is  composed  of  columnar  glandular 
cells  where  it  covers  these  appendages.  As  shown  (PL 
YII,  fig.  56),  these  "  spongy  bodies  "  have  their  surfaces 
furrowed  by  numerous  folds  and  grooves,  lined  also  by 
the  glandular  excreton*  epithelium  of  the  kidney.  The 
visceral  mass  dorsal  to  the  kidney  also  protrudes  into, 
and  so  encroaches  on,  the  cavity  of  the  sac.  The  ureters 
are  canals  about  12  mm.  long,  and  are  furrowed 
longitudinally  on  their  inner  surface. 

The  Pericardial  gland  is  a  white  gland  of  somewhat 
depressed  oval  form,  sitviated  on  the  inner  anterior  wall  of 
the  branchial  heart,  and  enclosed  in  the  pericardium 
(fig.  40,  Br.  ayp'p.).    Numerous  folds  run  inwards  from  tb.e 
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free  surface  of  the  gland,  and  in  cross  section  appear  as 
narrow  passages.  From  tliese  passages  secondary  canals 
run  into  the  substance  of  the  gland,  and  end  in  rounded 
chambers.  Into  these  chambers  open  minute  caeca, 
whose  walls  consist  of  the  glandular  excretory  cells  of  the 
organ.  All  the  above  passages  are  lined  with  non- 
glandular  cells.  Blood  entering  the  branchial  heart, 
fills  the  passages  excavated  in  its  walls,  some  of  which 
extend  into  the  substance  of  the  adjacent  pericardial 
gland.  The  blood  thus  comes  into  contact  with  the 
excretory  cells  of  the  branchial  heart  appendage,  and  is 
there  deprived  of  waste  matter. 

NERVOUS    SYSTEM. 

All  Cephalopods  have  a  highly  concentrated  nervous 
system,  which  reaches  its  maximum  in  Argonauta, 
Octopus  and  then  Eledot\e  ranking  next  in  the  series. 
The  typical  moUuscan  ganglia  are  so  closely  approxi- 
mated, and  so  intimately  connected,  as  to  form  a 
peri-oesophageal  nerve  collar,  just  behind  the  buccal  mass, 
and  between  the  eyes  (PI.  IX,  figs.  70  and  76).  In 
Eledone,  this  collar  or  "  brain  '"  is  enclosed  in  a  tubular 
cartilaginous  capsule,  the  anterior  and  posterior  ends  of 
which  are  closed  by  tough  membranes.  These  are 
pierced  for  the  passage  of  the  oesophagus,  posterior 
salivary  duct,  pharyngeal  arteries,  &c.  (PI.  X,  figs.  85^/ 
and  h,  and  (S2,  P.M.).  Round  ihe  bi-aiii,  and  separating 
it  from  the  cranial  w;ills,  is  found  a  kind  of  yfelatiiious 
transparent  tissue. 

Foiir  pair.s  of  ganglia,  the  cerebral,  the  biaclnal,  Iho 
pedal,  and  the  visceral  ganglia,  Unm  the  brain  of  Eledone. 
These  pair.s  of  ganglia  are,  however,  very  intimately 
Insed   together,    and    altliough   the   supra-oesophageal    or 
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cerebral  ganglia  are  distinguishable  from  the  remaining, 
sub-oesophageal  ganglia,  yet  the  three  pairs  which  bnild 
up  this  latter  mass  cannot  be  definitely  marked  oif 
externally  one  from  another.  Similarly  any  two  ganglia 
of  a  pair  are  intimately  fused,  so  as  to  appear  like  one 
mass  only.  The  ganglion  cells  in  these  ganglia  form 
an  external  layer  round  a  central  fibrous  mass. 

The  Cerebral  ganglia  form  a  supra-oesophageal  mass 
oval  in  dorsal  view,  triangular  when  seen  laterally 
(PI.  IX,  figs.  76  and  70,  C.  G.).  Three  transverse  grooves 
mark  the  ganglionic  mass  externally  into  four  divisions 
which  increase  in  size  from  the  front,  backwards.  The 
last  and  largest  division  is  marked  with  longitudinal 
alternating  bands  of  white  and  grey  matter,  and  the 
regions  of  the  above  grooves  are  also  grey.  The  an-terior 
division  of  this  mass  also  bears  a  groove  running-  antero- 
posteriorly,  along  its  dorsal  middle  line. 

The  Brachial  ganglia  form  the  anterior  thii^d  of  the 
sub-oesophageal  mass.  They  exceed  in  size  the  pedal 
ganglia,  and  together  with  these  form  a  mass  which  is 
morphologically  equivalent  to  the  pedal  ganglia  of  other 
Molluscs  (fig.  70,  Br.  G.).  As  the  arms  are  so  greatl}^ 
develojjed,  while  the  remaining  portion  of  the  foot,  the 
funnel,-  is  comparatively  small,  so  the  brachial  ganglia 
exceed  the  pedal  ganglia  in  size.  The  former  are  also 
connected  above  the  oesophagus  by  a  slender  supra- 
oesophageal  commissure. 

The  Pedal  ganglia  form  the  central  and  smallest 
portion  of  the  sub-oesophageal  mass,  and  innervate  the 
funnel  (epipoiium)  (fig.  70,  Fed.  G.). 

The  Visceral  ganglia  lie  behind  the  pedal.  Accord- 
ing to  Pelseneer,  there  are  really  two  pairs  of  visceral 
ganglia — an  anterior  pair  (the  pleural  ganglia)  lying 
dorsally  and  giving  off   the   pallial  nerves,    and   a   more 
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ventral  pair  posterior  to  these,  ■which  give  oft'  the  visceral 
nerves  (fig.  TO,  Ant.   T'?>f.   G.  and  Vise.   G.). 

Commissures — Short  stout  commissures  connect  the 
suh-  and  supra-oesophageal  nerve  masses.  There  are  two 
such  pairs,  the  posterior  being  the  broader: — (1)  the 
anterior  pair,  uniting  the  cerebral  and  brachial  ganglia, 
and  (2)  the  posterior  pair,  uniting  tbe  cerebral  and 
viscero-pedal  masses. 

Nerves. 

From  the  brain  are  given  off  numerous  pairs  of 
nerves,  which  innervate  the  different  regions  of  the  body. 

A.  The  nerves  given  oft  from  the  cerebral  ganglia 
are:— (1)  Optic,  (2)  olfactory,  (3)  labial  (4  pairs),  (4) 
buccal,  (5)  anterior  superior  ophthalmic  nerves,  and  tbe 
motor  nerves  of  the  eyeball. 

B.  The  nerves  given  ott'  from  the  sub-oesophageal 
mass  ar^:  (1)  Posterior  superior  ophthalmic,  (2)  inferior 
oplithalmic,  and  the  motor  nerves  of  the  eyeball,  (3) 
anterior  infundibular,  (4)  posterior  infundibular,  (5) 
visceral,  (6)  pallial,  (7)  accessory  pallial,  (8)  anterior 
vena  caval,  (9)  auditory,  (10)  brachial,  (11)  interbrachial, 
and  (12)  the  nerves  of  the  head. 

A.  (1)  The  Optic  nerves  arc  stout,  rather  short 
nerves  running  straight  out  from  the  lateral  region  of  the 
cerebral  ganglion  at  the  level  of  the  posterior  groove 
(fig.  70,  Opt.  N.).  In  section  th(>  optic  nerve  is  oval, 
and  piercing  the  cranial  cartihige  it  enters  the  orbit 
and  there  expands  into  a  large  oval  optic  gaiiglion  from 
which  are  given  off  nerves  to  the  retina  (PI.  IX,  fig.  71, 
R.N.).  These  optic  ganglia  are  each  greater  in  bulk 
limn  tin-  twf)  supra-()es()|)li;iuf;il  ganglia,  and  are  about 
twice  as  Ifing  as  they  aie  (hick.  Internal  to  the  optic 
LMnti-lion,  on  the  dorsal  side  of  the  optic  nerve,  is  a  much 
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smaller  oval  g'auglion  (fig.  71,  o.g.).  Clieron  termed 
this  the  olfactory  ganglion,  bnt  Zemoff  denies  its 
connection  with  the  olfactory  organ. 

A.  (2)  The  Olfactory  nerves. — The  strands  of  the 
olfactory  nerve  are,  at  their  origin,  indistinguishable  from 
those  of  the  optic  nerve.  They  lie  ventral  to  these, 
however,  and  run  along  with  them  to  the  optic  ganglion. 
Here  they  separate,  and  run  on  as  a  separate  nerve,  which 
is  absolutely  independent  of  and  unconnected  with 
Cheron's  olfactory  ganglion  (fig.  71,  olf.  N.).  Beyond 
the  separation  from  the  optic  nerve  it  may  be  seen, 
running-  external  to  the  white  bodv,  on  the  internal  wall 
of  the  orbit  (fig.  71,  x.),  where  it  pierces  the  wall  of 
the  eyeball  aaid  then  runs  over  the  dorsal  posterior  wall 
of  the  eye  to  the  olfactory  pit,  which  it  innervates 
(PI.  IX,  fig.  74,  olf.  N.  and  olf.  P.). 

A.  (3)  Labial  nerves. — These  are  four  pairs  of  fine 
nei-ves,  which  run  out  from  the  anterior  edge  of  the 
cerebral  ganglion  and  innervate  the  lip  (fig.  76,  a,  h,  c, 
and  d).  Leaving  the  cranial  cavity,  they  pierce  the 
membranous  wall  which  closes  this  cavity  anteriorly,  and 
then  run  over  the  outer  wall  of  the  sinus  venosus,  which 
here  surrounds  the  buccal  mass,  anterior  salivary  glands, 
and  oesophagus  (fig.  76,  S.  V .).  Anterior  to  the  sinus 
venosus,  they  run  over  the  outer  wall  of  the  buccal  mass, 
and  so  finally  reach  the  lip,  where  they  end  in  fine 
branches.  The  innermost  pair  of  labial  nerves  (fig.  76,  a) 
leave  the  cerebral  o^anwlion  one  on  each  side  of  the 
middle  line,  and  running  along  the  outer  wall  of  the 
sinus  venosus,  each  soon  divides  into  two  branches. 
Reaching  the  anterior  limit  of  the  sinus  venosus,  each 
half  again  gives  ofi  several  small  branches,  which  end 
finally  in  the  lip.  The  second  and  third  pairs  have  a 
similar  course,  the  third  pair  being  rather  stouter  than 
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the  second  (fig.  76,  b  and  c).  The  fourth  pair  run 
forwards  and  outwards  over  the  wall  of  the  sinus.  Thus 
they  cross  over  the  buccal  nerves  which  run  forwards  and 
inwards  (fig.  76,  d,  and  /?.  X.).  Each  of  the  two  o-ives  oif 
two  branches,  an  inner  and  an  outer.  The  three  branches 
thus  obtained  now  run  over  the  wall  of  the  sinus  to  end 
in  the  lip. 

A.  (4)  Buccal  Nerves. — These  are  two  nerves  niucli 
stouter  than  the  labial.  Ivunninp^  from  the  outer  anterior 
ang'le  of  the  cerebral  g-anglion  each  nerve  pierces  the 
anterior  cranial  wall,  and  then  runs  inwards  towards  the 
sub-oesophageal  ganglion  (PI.  YIII,  fig.  72,  B.N.). 
Arriving  at  the  posterior  lateral  wall  of  the  buccal  mass, 
this  nerve  divides  into  three  branches  (fig.  72,  D.,  M .  and 
v.).  Of  these,  the  most  dorsal  runs  up  to  the  sub- 
oesophageal  ganglion,  the  median  ends  in  branches  in 
the  buccal  wall,  while  the  ventral  one  curves  downwards, 
and  ends  similarly  in  the  wall  of  the  buccal  mass.  The 
innermost  branch  given  off  from  this  ventral  nerve  runs 
towards  its  fellow  from  the  other  side  and  meets  it 
just  below  the  initial  part  of  the  radula  sac,  SM-elling 
here  to  form  a  small,  oval  sub-radular  ganglion  (fig.  72, 
■r.  h.). 

Ophthalmic  Nerves.-  To  see  these  it  is  best  to 
expose  the  eyes  from  (he  dorsal  surface  b}'  dissecting 
away  the  skin  and  superficial  muscles  from  the  back  of 
the  liead  (PI.  IX,  fig.  74,  E.).  Thus  the  muscles  which 
dorsally  cover  the  brain  case  and  the  bases  of  the  arms 
are  also  exposed  (fig.  74,  h^  and  a).  There  are  three 
groups  of  o])hthalmic  nc]'\'es  on  each  side: — (1)  tliree 
anterior  superior,  (2)  cric  jjostcrio]-  superior,  and  (''{)  three 
inferior. 

A.  (•"))  The  Anterior  Superior  Ophthalmic  are  three 
line  nerves,  which  arise  dorsal   to  the  orij^iiii   of  the  ()i)tic 
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nerve  of  the  correspondmo^  side  (fig.  70  Ant.  Sup.  oph.). 
The  most  anterior  of  these  pierces  the  cranial  cartilage  and 
so  enters  the  orbit,  and  runs  for  a  short  time  along  its 
inner  wall.  Then,  piercing  the  muscles  of  the  eyeball,  it 
runs  external  to  this  out  to  the  eyelid,  where  it  ends  in 
several  fine  branches  (fig.  74.  Ant.  Sup.  oph.).  The  two 
posterior  nerves  are  motor  only.  Piercing  the  cranial 
wall,  and  entering  the  orbit,  they  are  distributed  to  the 
dorsal  region  of  the  muscles  of  the  eyeball. 

B.  (1)  The  Posterior  Superior  Ophthalmic  (fig.  74, 
Post.  Sup.  ojih.)  is  a  rather  stout  nerve,  arising  from  the 
postero-dorsal  angle  of  the  visceral  ganglion,  anterior 
to  the  pallial  nerve  (fig.  70).  Running  outwards,  this 
nerve  penetrates  the  cranial  wall  and  so  enters  the  orbit. 
Here  it  runs  internally  to  the  wall  of  the  orbit,  and 
external  to  the  white  body  for  a  short  time,  and  soon 
expands  into  a  small  oval  ganglion.  Piercing  the 
muscular  wall  of  the  eyeball,  it  runs  over  its  outer  surface 
(fig.  74,  Post.  Sup.  oph.),  and  finally  ends  in  several 
branches  which  are  distributed  to  the  eyelid. 

B.  (2)  The  Inferior  Ophthalmic  are  three  nerves 
on  each  side,  of  which  the  posterior  is  the  least  and  is 
purely  motor,  being  distributed  to  the  inferior  muscular 
wall  of  the  eyeball.  All  three  nerves,  arising  from  the 
lateral  face  of  the  sub-oesophageal  ganglionic  mass,  rather 
in  front  of  the  median  line,  run  outwards  and  enter  the 
orbit  after  piercing  the  cranial  wall.  The  anterior  nerve, 
after  running  for  a  time  on  the  inner  wall  of  the  orbit, 
pierces  this,  and  then  runs  along  its  outer  wall  to  the 
eyelid,  where  it  ends  in  several  fine  branches.  The 
median  nerve  of  the  three  is  the  largest  and  has  a  course 
similar  to  that  of  the  posterior  superior  nerve.  Like  this, 
it  bears  a  ganglion,  but  runs  over  the  antero-inferior 
surface  of  the  eyeball  (fig.  75,  ////.  oph.  N .). 
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B.  (3)  The  Anterior  Infundibular  Nerve  is  given 
off  from  the  ventral  surface  of  the  brain,  at  about  its 
median  point  (fig.  70,  Aid.  Ftin.  N.).  It  is  exterior  to 
the  nerve  of  the  anterior  vena  cava  and  ventral  to  the 
auditory  nerve.  This  nerve  pierces  the  ventral  wall  of 
the  cranial  cartilage  (fig.  69)  anterior  to  the  statocysts. 
Between  the  two  anterior  infundibular  nerves  is  an  oval 
aperture,  through  Avhieli  the  two  forks  of  the  anterior 
aorta  leave  the  central  cavity  of  the  brain,  and 
reach  its  ventral  surface  (see  arterial  system  in 
Section  IV).  Just  before  the  nerve  leaves  the 
cranial  cavity  it  gives  oft'  a  fine  branch  whicli 
leaves  this  cavity  by  an  independent  hole,  and  runs 
to  the  protractors  of  the  funnel  on  that  side.  After 
leaving  the  cranial  cavity  the  anterior  infundibular  nerve 
gives  oif  a  second  branch  which  supplies  the  posterior 
dorsal  wall  of  the  funnel.  Some  of  its  branches  run  to 
the  wall  of  the  lateral  funnel  chamber.  Soon  after,  the 
nerve  gives  oft'  a  thii-d  branch  to  the  funnel.  This  ends 
in  several  branches  which  run  to  the  median  wall  of  the 
funnel.  The  anterior  infundibular  nerve  runs  on 
anterioi'ly,  and  soon  bifurcates,  both  halves  enter iiii^-  ihc 
funnel  wall,  and  botli  sup|)lying  (eventually  llie  dorsal 
wall  of  the  funnel.  Th?  lower  of  these  two  bi'anchos 
soon  swells  into  an  oval  ganglion,  which  is  about  as  large 
as  the  smaller  of  the  two  ganglia  on  the  course  of  the 
visceral  nerve.  From  the  anterior  end  of  this  ganglion 
several  branches  run,  wiih  the  strands  from  the  upper 
branch,  to  the  dorsal  w;ill  of  lh(>  runnel.  The  ultinuite 
fine  branches  in  which  all  these  infundibuhn-  neives  eiul 
ff)i"m  a  complete  aiiastoiiiosino-  netwoik  which  (|uile 
■liurrouiuls  the  funnel  walls. 

B.  (4)  The  Posterior  Infundibular  Nerve  run.s  out 
from  the  l)rain   just   e\lei-ioi  to  (he  corresponding  visccimI 
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nerve  of  that  side  (fig.  70,  Post.  Fun.  N .).  It  is  not  so 
stout  a  nerve  as  the  visceral.  Piercing  the  posterior 
wall  of  the  cranial  cavity,  external  to  this  nerve,  it  runs 
out  to  the  posteru-rlorsal  wall  of  the  funnel  (fig.  69,  Post. 
Fun.  N .).  Xext  it  penetrates  the  visceral  envelope,  and 
runs  for  a  short  time  on  the  inner  wall  of  this  structure, 
and  then  returns  to  its  outer  side  (PI.  X,  fig.  82).  Then 
it  runs  out  to  the  funnel  and  innervates  its  posterior 
region,  splitting  into  three  main  forks  (fig.  69): — (1)  A 
fine  anterior  strand  which  running  forwards  splits  up 
into  several  branches  innervating  the  funnel  wall ;  (2)  a 
stouter  median  branch  which  ends  similarly,  just  behind 
the  above ;  and  (3)  a  posterior  strand,  which  innervates 
the  depressor  muscle  of  the  funnel. 

B.  (5)  The  Visceral  Nerves  are  very  long  and 
stout.  Much  of  their  course  may  be  followed  by  removing 
the  septal  muscle,  and  also  the  epithelial  cover  of  the 
visceral  mass,  as  the^^  run  over  the  ventral  surface  of  the 
liver.  The  viscei-al  nerve  is  given  off  from  the  posterior 
surface  of  the  visceral  ganglion,  at  its  external  and  ventral 
angle  (fig.  70,  Vise.  N .).  Piercing  the  membranous 
posterior  wall  of  the  cranium,  it  reaches  the  inner  surface 
of  the  visceral  envelope  (fig.  82,  Vise.  N.),  courses  along 
the  inner  surface  of  the  visceral  envelope,  just  to  one  side 
of  the  median  line,  runs  over  the  anterior  surface  of  the 
liver,  and  gains  its  ventral  surface.  In  fig.  69,  Vise.  N., 
it  may  be  seen  on  the  ventral  side  of  the  visceral  envelope, 
which  it  has  pierced.  It  is  now  separated  from  its  fellow 
by  the  anterior  vena  cava,  alongside  which  the  visceral 
nerve  runs  for  some  time.  Further  back  the  visceral 
nerves  are  also  separated  by  the  rectum,  which  lies  on  the 
right  side  of  the  vena  cava  (fig.  69,  R.).  At  the  level  of 
the  anterior  edge  of  the  kidney,  the  visceral  nerves  begin 
to  slope  away  from  one  another,  each  running  out  towards 
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ihe  braiuhial  heart  of  its  side.     This  slanting  conrse  at 

first  causes  them  to  run  external  to  the  kidneys,  but  more 

posteriorly  they   run  over  the   kidney   sac   (fig.  69),   and 

then    passing    between    the    ureter    and    the    oviduct — or 

penis — they  gain  the  branchial  heart,  and  finally  end  in 

the  branchial  nerve  which  runs  up  the  fleshy  axis  of  the 

gill  (fig.  69,  Bl.  N.).     The  visceral  nerve  swells  during  its 

course  into  two  ganglia,  of  which  the  second  is  the  larger. 

The  first  is  a.  small   oval  ganglion,   just   anterior  to  the 

ureter.     From    it    radiate    fine    nerves    to    the    oviduct, 

coelomic  canal,  fiask-like  division  of  the  coelom,  and  the 

aorta  (fig.  69,  g).     Two  other  fiuc  nerves  are  given  oft', 

one  running  down  the  surface  of  the  kidney  to  the  wall  of 

the  genital  capsule,  while  the  outer  and  smaller  nerve  ends 

in    the    kidney  wall    (fig.    69).     The    second    ganglion    is 

larger,   and   is  about  8   mm.   across   (fig.   69,  g").       It  is 

attached  to  the  cord  dorsally,  and  adheres  to  the  wall  of 

the  branchial  heart.     Branches  radiate  out  from  its  free 

edge,   to  the  walls  of  the  lateral  venae  cavae,  and   the 

efferent  artery.     Several  branches  are  also  given  ofl'  to  the 

substance   of  the  branchial    lieart,   aiul   tliere   is  a   small 

anterior  branch  Avhich  runs  to  the  muscles  of  the  back. 

Two  longer  branches  sink  down  dorsal  to  the  kidney,  and 

end    in    tlie   back    and    the    genital    (•a])su]e    respectively. 

Heyond    this    ganglion     tlic    nerve     may    be    called    the 

branchial    nerve.     It    rims    ;»l(in<>'    that   side    of    the    s\\\ 

nearest   to  tjie  visceral  mass,  just  lateral  to  the  aft'erent 

l)lood  vessel  (fig.  69,  Bl.  N .).     It  gradnally  narrows  down 

witli    the    decreasing   size   of    the    gill,    and    swells    to   a 

ganglion  at  the  level  of  eacli  internal  lamella  of  this  organ 

(fig.  (i9,   ///.  7.).      Eacji  ganglion  gives  olf  a  nerve  which 

runs  down  the  gill  lamella   lo  which   it   corresponds,  and 

also    a    second   nerve    whicii    runs    dorsal    to    tlie    afi'erent 

ve.s.se],  and  .so  icaching  I  he  external  side  of  the  gill  feeds 
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the  lamella  alternating  with  the  internal  one.  Soon  after 
attaining  the  ventral  surface  of  the  liver,  the  visceral 
nerve  gives  off  a  large,  much-branched  nerve  to  the 
anterior  vena  cava.  This  runs  down  along  the  wall  of  the 
vessel  to  about  the  level  where  the  ink  duct  enters  the 
visceral  mass  (fig.  69).  A  second  branch  runs  out  from 
the  main  nerve,  over  the  visceral  envelope,  and  ends  in 
small  branches  to  the  depressor  of  the  funnel.  On  its 
way,  this  nerve  gives  oft'  several  branches  to  the  visceral 
envelope,  and  while  that  of  the  right  side  furnishes  a  loug 
branch  to  the  bent  region  of  the  intestine,  that  of  the  left 
sends  a  fine  branch  to  the  rectum  (fig.  69).  The  visceral 
nerve,  during  its  course  over  the  liver,  gives  oft'  many  fine 
branches  to  that  organ,  to  the  ink  sac,  to  the  kidney  wall, 
*S;c.  iSTerves  may  also  be  seen  running  to  the  rectum  and 
the  septal  muscle. 

B.  (6)  The  Pallial  Nerve  is  a  broad  flat  nerve 
given  oft'  from  the  posterior  dorsal  angle  of  the  anterior 
visceral  ganglion  (fig.  70,  Pall.  N.).  Running  posteriorly 
and  outwards,  it  pierces  the  membranous  posterior 
cranial  wall,  and  so  enters  the  visceral  sac  (fig.  82). 
On  entering  the  visceral  sac  it  runs  outwards  and 
posteriorly  along  the  inner  wall  of  the  visceral  envelope, 
towards  the  great  lateral  muscle,  giving  several  branches 
to  the  envelope  in  its  course.  Then  it  runs  obliquely 
through  the  lateral  muscle,  to  terminate  in  a  large  flat 
triangular  star-shaped  mass  just  exterior  to  this  muscle. 
This  "  stellate  ganglion  "  controls  the  movements  of  the 
mantle,  on  the  inner  surface  of  which  it  lies,  covered  by 
the  internal  epithelium  of  the  mantle.  In  an  adult 
FJedone  the  ganglion  is  about  6  mm.  across,  and  its 
surface  is  smooth.  It  gives  oft'  a  radiating  series  of  nerves 
to  the  mantle.  These  nerves  are  all  stout,  and  after 
running  for  part  of  their  course  on  the  internal  wall  of 
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the  mantle  enter  its  substance,  and  divide  up  into  smaller 
branches,  which  end  there,  formino:  a  network  of  nerves 
thro\io^liout  this  organ.  There  are  about  fourteen  of  these 
larffe  branches,  and  also  several  short  nerves  which  run 
directly  inwards  into  the  mantle  substance  from  that 
surface  of  the  stellate  g-anglion  which  is  applied  thereto. 
The  two  longest  radiating  bra)iches  run  down  towards  the 
base  of  the  gill,  and  innervate  the  posterior  part  of  the 
mantle  ftig.  (J9).  Internal  to  these  longer  nerves  are 
two  shorter  ones  which  lun  below  the  lateral  muscle,  and 
then  enter  the  mantle. 

B.  (7)  The  Accessory  Pallial  is  a  rather  more 
slender  nerve,  given  ott'  just  dorsal  to  the  pallial  (ligs.  69 
and  TO,  Ace.  Pall.  N.).  It  pierces  the  cranial  wall 
dorsal  to  the  pallial  nerve,  and  luns  alongside  this  for  a 
short  time,  on  the  inner  surface  of  the  visceral  ciiveloj)e. 
Xext  it  runs  inwards  and  becomes  embeddeil  in  the 
muscles  of  the  head.  Here  its  fibres  may  be  traced  to  the 
lateral  wall  f)f  the  funnel  and  also  to  the  great  lateral 
muscle. 

B.  (8)  The  Nerve  of  the  Anterior  Vena  Cava 
ai'iscs  just  exterior  tn  and  Ix'hind  (he  anlerior  funnel 
nerve  (fig.  70,  Ant.  V.  N.).  It  is  a  fine  nerve  Avhich, 
after  piercing  the  ventral  wull  of  the  cranial  capsule, 
curves  ventrally  round  the  wall  of  the  anterioi-  vena  cava 
(fig.  09),  and  eiifls  in  several  fine  bramdies. 

B.  (9)  The  Auditory  Nerve  is  short  and  slender, 
and  runs  to  the  aiulitory  organ  or  statocyst,  from  its 
point  of  uiigin,  jusl  al)o^e  the  anterior  funnel  nerve 
(fig.  70,  Ami.  y.).  Each  audilory  nerve  running 
po.sterior]y  enters  the  statocyst  at  its  interior  and  dorsal 
angle,  and  then  runs  (o  the  membranous  vesi(  le,  ending 
in  two  branches,  one  to  the  sensory  pad  and  tiie  other  to 
the  sensory  ridge  in  that  organ.      In  reality  the  libres  of 
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the  auditor}'  nerve  arise  from  the  cerebral  ganglion 
fPelseneer). 

B.  (10)  There  are  eig-ht  Brachial  Nerves  given  off 
from  the  anterior  edge  of  the  brachial  ganglion  (fig.  70, 
Br.  N .)  which  run  forwards  over  the  buccal  mass,  towards 
the  bases  of  the  arms.  They  run  on  the  outer  side  of 
the  wall  of  the  sinus  venosus  and  may  be  seen  there  as 
broad  flat  bands.  fJetween  the  above  wall  and  these 
brachial  nerves  lie  the  labial  nerves,  dorsally.  Each 
brachial  nerve  runs  up  the  centre  of  an  arm,  internal  to 
the  corresponding  brachial  artery,  and  lessening  towards 
the  tip  of  the  tapering  arm  (PI.  IX,  fig.  G9,  and  PI.  YIII, 
fig.  (SO,  Br.  N.).  At  the  base  of  the  arms,  in  the  region 
where  they  are  joined  on  to  the  cephalic  mass,  a  circular 
nerve  cord  joins  the  eight  brachial  nerves  together 
(figs.  69  and  80,  N.Circ).  This  cord  is  of  very  pecidiar 
structure.  Between  the  nerves  it  is  single,  but  in  the 
region  of  the  nerves  it  splits  into  two  cords,  of  which  the 
anterior  joins  on  to  the  brachial  nerve,  while  the  posterior 
runs  below  it  (fig.  69).  Punning  up  the  arm  the  brachial 
nerve  bears  a  series  of  long  elliptical  ganglia  on  its  oral 
surface  (PL  IX,  fig.  1~,  ^S.G.).  Each  ganglion  corresponds 
to  a  sucker,  and  gives  oft'  two  rows  of  small  nerves  which 
run  up  to  innervate  these  structures  (fig.  77,  S.  N.)  and 
also  the  muscles  of  the  arm.  A  gelatinous  transparent 
tissue  fills  the  space  between  the  nerve  cord  and  the  walls 
of  the  cavity  containing  it. 

B.  (11)  InterbrachialNerves.— Several  small  nerves 
given  off  between  the  ventralmost  brachial  nerve  and  the 
one  above  this  run  out  and  innervate  the  bases  of  the 
arms.  Also  between  the  second  and  third,  and  the  third 
and  fourth  brachial  nerve,  counting  upwards  from  below, 
a  fine  nerve  runs  out  to  these  muscles  (fig.  70,  I.hr.). 

B.     (12)  Nerves  of  the  Head — Just  above  the  dorsal- 
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most  brachial  nerve,  at  its  origin,  a  fine  nerve  on  each 
side  runs  outwards  to  innei'vate  the  muscles  of  the  head 
(fig.  70.  H,). 

Visceral     Nervous     System. 

Eledone,  like  all  other  Cephalopods,  possesses  a 
visceral  nervous  system.  There  are  two  ganglia,  one 
situated  near  the  anterior  end  of  the  alimentary  canal, 
and  one  near  the  stomach.  The  two  are  united  by  a  long 
nerve  which  runs  down  the  wall  of  the  oesophagus.  Each 
of  them  gives  off  several  nerves  to  the  neighbouring  parts 
of  the  alimentary  canal.  This  system  is  connected  with 
the  central  nervous  system  by  means  of  the  buccal  nerve 
only. 

The  Sub-oesophageal  Ganglion  represents  the 
anterior  centre  of  the  visceral  system  (fig.  72,  Oes.  g.).  It 
is  a  fairly  large,  bilaterally  symmetrical,  flattened 
ganglion,  situated  in  the  acute  angle  between  the  buccal 
mass  and  the  oesophagus.  To  expose  it  properly,  the 
anterior  salivary  gland  must  be  turned  forward  (PI.  VIII, 
fig.  72,  s.  g.).  Looked  at  laterally,  the  ganglion  is 
roughly  triangular.  The  buccal  nerves  enter  it  at  its 
posterior  external  angles  (fig.  72,  B.  N .).  From  the 
anterior  angle  the  ganglion  gives  off  several  ]\erves.  Of 
these,  the  lowest  enters  the  buccal  mass,  the  next  runs  to 
the  anterior  salivary  gland  (fig.  72,  a  and  h  resp.),  the 
third  enters  the  buccal  mass  (fig.  72,  c),  the  uppermost 
(fig.  72,  d.)  runs  up  to  the  oesophagus,  and  then 
anteriorly  aU)ng  its  wall  to  the  buccal  mass.  Tlie 
posterior  edge  of  the  sub-oesophageal  ganglion  gives  oft' 
two  nerves  to  the  oesophagus.  The  anterior  one  is  short 
((ig.  72,  f),  l)ut  the  p()stei-i(ii-  one  is  hmg  and  )uns  down 
the  sid<'  of  the  oesophagus  as  far  as  the  ci'op  (fig.  72,  g). 
Posterior  to  the  crop  the  left  and  right  nerves  of  this  pair 
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join,  and  then  this  nerve  runs  along  the  ventral  side  of 
the  oesophagus  down  to  the  gastric  ganglion.  These  two 
nerves  give  off  branches  to  the  oesophagus  all  along 
their  course,  and  specially  important  ones  alongside  the 
crop. 

The  Gastric  Ganglion  is  the  posterior  centre  of 
the  visceral  nervous  system,  and  lies  on  the  ventral 
surface  of  the  alimentary  canal,  just  where  the  intestine 
and  spiral  caecum  lead  out  of  the  stomach.  It  is 
triangular,  about  the  size  of  a  wheat  grain,  and  is  exposed 
on  turning  forward  the  liver  fPl.  Y,  fig.  -38  a,  and  PI.  IX, 
fig.  73,  G.g.). 

A.  From  its  right  uppei'  eoniei'  it  gives  off: — (I)  A 
large  neiTe  which  runs  up  over  the  ventral  surface  of  the 
posterior  part  of  the  oesophagus,  giving  off  several 
branches  to  the  wall  on  its  way  (fig.  73,  a),  continues  its 
course  along  the  oesophagus,  and  ends  in  the  sub- 
oesophageal  ganglion  as  previously  described  :  (2)  several 
short  branching  nerves  to  the  base  of  the  oesophagus,  and 
to  the  ventral  wall  of  the  stomach  (fig.  73,  h) ;  (3)  a  large 
nerve  which  runs  along  the  groove  marking  the  division 
between  oesophagus  and  stomach,  and  gives  off  small 
branches  on  its  way,  ending  by  running  round  the  right 
side  of  the  stomach  to  its  dorsal  border  (fig.  73,  c). 

B.  From  the  left  upper  corner  are  given  off  :  — (1)  A 
large  intestinal  nerve  which  runs  along  to  the  anus 
(fig.  73,  e);  (2)  several  small  nerves  which  end  in  the 
walls  of  the  initial  part  of  the  intestine  (fig.  73,  /). 

C.  From  the  third  and  lowest  angle  of  the  gastric 
ganglion  are  given  off: — (1)  Several  branching  nerves  to 
the  spiral  caecum  (fig.  73,  g) ;  (2)  two  large  and  several 
smaller  nerves  to  the  paired  hepatic  ducts  (fig.  73,  h). 
These  run  upwards  into  the  liver. 

The  large  intestinal  nerve,  from  analogy  with  Sepia, 
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gives  off  a  fine  branch  to  the  ink  "fland  at  the  level  where 
the  ink  duct  enters  the  intestine.  It  has  not,  however, 
been  followed  in  Eledonc.  From  the  posterior  edge  of  the 
gastric  ganglion  are  given  off  several  small  nerves  to  the 
initial  part  of  the  intestine  and  spiral  caecum,  and  also  a 
large  branching  nerve  to  the  postero-ventral  wall  of  the 
stomach  (fig.  73,  d). 


SENvSE    ORGANvS. 

The  general  surface  of  the  body  of  Eledone  is  sensory, 
the  arms  in  particular  forming  slender  sensory  organs. 
There  are,  in  addition,  well  developed  eyes,  organs  of 
equilibration — the  statocysts,  and  the  olfactory  organs 
which  probably  function  also  as  taste  organs. 

The    Eye. 

Eledone  has  a  pair  of  prominent  eyes,  situated  one 
on  each  side  of  the  head  (PI.  I,  fig.  1,  E.).  As  in  the  case 
of  most  Cephalopods,  they  are  sessile.  In  large  specimens 
of  E.  cirrosa  the  diameter  of  the  eye  is  about  25  mm. 
Although  it  much  resembles  the  vertebrate  eye  in  several 
respects,  i.e.,  both  are  vesiculate  and  both  are  very 
complex  and  remarkably  perfect  in  structure,  yet  there 
ai'e  many  profound  differences.  The  eye  of  I'^ledone  has 
no  anterior  or  aqueous  chamber,  no  clioroid,  and  the  cells 
of  the  retina  are  different  from  those  of  the  vertebrate 
retina.  Again,  while  the  Vertebrate  has  a  cerebral  eye, 
that  of  Eledone  originates  as  an  invagination  of  the 
epidermis,  which  later  becomes  elaborated  into  retina, 
iris,  &c.  Another  important  point  upon  which  the}'  differ 
is  that  while  in  vertebrates  the  optic  nerve  penetrates 
the  retina  and  enters  the  retinal  cells  from  the  front,  in 
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the  Cephalopod  the   fibres  of  the   optic   nerve   enter   the 
retinal  cells  from  behind  and  do  not  pierce  the  retina. 

The  circular  extei'nal  orifice  of  the  eye  is  small,  only 
about  6'5  mm.  in  diameter,  and  is  surrounded  by  the  skin 
of  the  head,  and  the  muscular  sheet  which  binds  tlie 
cephalopedal  mass  together  and  to  the  mantle,  super- 
ficially (PI.  X,  figs.  83  and  84,  ext.  or.).  This  circular 
rim  round  the  eye  forms  an  eyelid  which  can  completely 
close  over  that  organ  by  radial  contraction.  Dorsally 
this  ej'elid  is  continued  over  the  aperture  of  the  eye  as  a 
membranous  semilunar  transparent  fold  (PI.  X,  figs.  83 
and  84,  ps.  eai.).  Ventrally  another  fold  is  continuous 
with  the  eyelid,  this  fold  also  being  transparent,  but  lying 
below  the  dorsal  one  mentioned  above,  and  extending 
further  over  the  eye  (figs.  83  and  84,  yy.s.  int.).  These 
two  membranes  appear  to  be  only  slightly  if  at  all 
moveable,  and  through  them  may  be  seen  the  pupil  of 
the  eye  (PI.  X,  fig.  78,  ps.  mem.).  Possibly  water  may 
penetrate  between  them  and  so  bathe  the  lens  directly,  as 
in  the  Oegopsida.  These  two  membranes  may  be  called 
the  external  and  internal  pseudocorneal  membranes,  the 
internal  being  the  thinner.  Cutting  away  these  two 
membranes,  the  metallic  deeply  pigmented  iris  is 
exposed;  this  iris  bounding  an  oval  pupil  (fig.  78,  Iris) 
which  it  opens  and  closes  by  a  dorso- ventral  expansion  or 
contraction.  Text  fig.  V  shows  the  various  stages  of 
contraction  and  expansion  which  occur  in  the  eye  of 
Eledone.  When  resting,  the  eye  seems  to  vary  from  (a) 
to  (d)  without  apparent  cause.  Stage  (a),  however,  seems 
to  occur  after  a  rest  of  long  duration,  i.e.,  it  is  noticed 
when  examining  Eledone  early  in  the  morning.  Stage  (e) 
shows  the  eye  opened  much  more  widely,  as  it  is  when 
the  animal  is  disturbed,  and  (f)  shows  the  condition 
during  periods  of  great  fright  or  agitation. 

NN 


550        TKA.\SACT10>'S     LlVEKl'OOL     BIOI.tXilCAL     SOCIETY. 

Lodkiiig  into  llu-  pupil  llic  lens  can  be  seen.  This  is 
a  spherical  ball,  built  up  of  concentric  layers  of  a  non- 
cellular,  transparent,  cuticular.  crystalline  substance  (fig. 
78,  L).  Looking  down  into  the  pupil  tlie  eye  appears 
black,  because  the  flark  retina  shows  through  the  lens, 
from  behind. 


Pig.  V.     Eye   of  E.cirrosa,   showing  various  stages  of  dilatation  of 
pupil.  X  2. 

The  eye  is  enclosed  in  a  cartilaginous  cup,  tliat 
adheres  internally  to  the  "skull."  This  cup  is  thickest 
at  the  base  but  much  thinner  at  its  external  edge,  which 
reaches  about  balf-Avay  round  the  eye  (fig.  85  a,  orb.  C). 
External  to  the  capsule  a  strong  muscular  coat  is  attached 
which  surrounds  the  eye  and  extends  as  far  as  the  lid 
(fig.  78,  I'J.rf.  Mnsc).  In<(M'nal  to  the  capsule  is  a  second 
muscular  coat,  which  extends  to  the  border  of  the  ])upil. 
and  is  more  delicate  than  the  first  (fig.  78,  Inf.  Muse). 
The  retina,  sclerotic,  &.(■.,  form  a  roundish,  i-ather 
depressed  chambei-  that  only  occupies  abf)ut  one-third  of 
the  whole  volume  of  the  eye.  Behind  this  chamber  is  a 
second  much  larger  one  that  contains  the  optic  ganglion, 
wliicji  gives  off  from  its  extei'iial  Mirlaee  a  gr(>al  iiumbei- 
of  nervous  strands  to  the  retina,  and  the  white  body 
(fig.  78,  Opt.  G.  and  W.  H..). 

'IMh^  white  body  is  a  ghiiidiilar  mass  sinromuiing  llie 
optic  ganglion,  and  consists  of  tliree  lobes — one  large 
dorsal  and  two  smallei'  ventral  (Text  fig.  VI).  This 
body  has  been  shown  to  be  I  he  remains  of  a 
degenei'ate    portion    of    the    embryonic    nervous    system. 
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and  possibly  is  the  seat  oi  formation  of  the  blood 
corpnscdes.  This,  however,  is  doubtful,  as  its  blood 
supply,  from  the  arteries  of  the  eye,  is  very  limited. 
The  skin  which  covers  the  eyelid,  after  being  reflected 
over  the  pseudo-conieal  membranes,  is  continued  down 
the  inner  surface  of  the  external  muscular  coat  of  the  eye 
(fig.  78,  Conjunct.).  Just  anterior  to  the  cartilaginous 
capsule  it  is  reflected  on  to  the  globe  of  the  eye,  and 
running  up  clothes  the  iris  as  far  as  the  pupil.  Here  it 
is  again  reflected  internally  and  runs  down  on  the  internal 
surface  of  the  iris,  and  then  over  the  ciliary  body,  and 
then  is  continued  as  the  external  layer  of  the  true  cornea. 
This   outer  laver  of    the  two-lavered   cornea   thus    arises 


D. 
Fig.  VI.     Diagram  showing  relation 
of     white     body     to    eye     and     optic 
ganglion,      x  1. 


from  the  infolded  external  skiu  of  the  head,  while  the 
internal  layer  is  the  external  part  of  the  wall  of  the  optic 
vesicle,  of  which  the  internal  part  forms  the  retina. 
Hence  the  internal  layer  of  the  cornea  and  the  retina  are 
continuous.  The  two  corneal  membranes  secrete  the  lens 
which  thus  is  in  two  segments,  an  external  smaller  one 
and  a  larger  internal.  The  external  division  is  a 
segment  of  a  much  larger  sphere  than  is  the  internal,  but 
the  two  themselves  are  of  equal  area  where  they  adjoin 
the  cornea.  They  readily  separate.  The  internal 
segment  alone  corresponds  morphologically  with  the 
Gastropod  lens.  The  rest  of  the  ocular  cavity  is  occupied 
by  the  vitreous  body — a  thick,  perfectly  clear  and 
transparent  fluid,  contained  in  a  thin   membranous  sac 
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(fig-.  7S.  ]'?fr.).  'Vho  wliiic  body  and  optic  ganglion  arc 
also  contained  in  a  thin-walled  sac.  which  encloses  a  venous 
blood  sinus — this  blood,  therefore,  bathing  these  organs. 

The  optic  vesicle  is  covered  posteriorly  by  a 
tough  semi-cartilaginous  sclerotic  (fig.  78,  ScL).  This  is 
iridescent,  and  reaches  to  the  external  border  of  the  ciliary 
body,  which  supports  the  lens.  Posteriorly  it  is  pierced 
by  numerous  fine  holes,  whicli  allow  the  passage  of  optic 
nerve  strands  to  the  retina.  The  internal  wall  of  the  iris 
is  very  darkly  pigmented,  and  raised  anteriorly  into  a 
circular  ridge.  While  arterial  blood  is  supplied  to  the 
eye  by  two  arteries  which  are  given  off  by  the  anterior 
aorta  soon  after  bifurcation,  the  venous  blood  is  drained 
off  into  the  above-mentioned  venous  sinus,  and  thence 
passes  by  a  vein  through  the  ventral  wall  of  the  skull  to 
the  anterior  vena  cava.  As  in  all  Cephalopods,  the  eye 
may  be  adapted  for  near  and  distant  vision  by  variation 
of  the  distance  between  the  lens  and  the  retina. 

The  Retina  is  the  most  coni])lex  part  of  the  eye 
of  Elcdone.  Anteriorly  it  is  continuous  wdth  the  ciliary 
body  and  internal  laj'er  of  the  cornea,  and  it  forms  the 
])osterior  wall  of  the  optic  vesicle.  It  is  very  deeply 
pigmented  with  a  dark  broM  n  retinal  pigment.  Grenadier 
and  Hesse  made  very  careful  examinations  of  the  retina 
of  K.  iiioschatd.  The  structure  (as  given  by  Hesse)  of  this 
ictina  appears  to  agree  with  that  of  E.  cirrosa,  except  in 
one  point,  whicli  will  be  nientidncd  below.  The  retina 
consists  of  a  single  layer  of  cells  (see  PI.  X,  fig.  80), 
which  are  of  two  kijids,  rctiiuil  and  limitiiuj  cells.  Tlie 
former  are  long  slender  cells,  alternating  in  position  \\  itli 
(lie  rather  shorter  limit  inn-  ((.lis  (PI.  \,  fig.  86,  Rcf.  C.  : 
Liia.C).  There  are  tiiree  regions  in  the  retinal  cell  : 
;1)  'I'lit!  innei'most  and  longest  region,  wh<>re  the  rods  are 
situated   (fig.   8H,  Rod.);    (2)  the  central  shortest   region, 
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where  most  of  tlie  characteristic  dark  brown  retinal 
pigment  is  collected  (fig'.  8fi.  Pig-) ;  and  (3)  the  basal 
region,  which  is  external  to  the  basal  membrane,  and 
is  continued  outwards  into  fine  nerve  fibres  continuous 
with  the  nerve  cells  of  the  optic  ganglion.  The  nucleus 
also  is  found  in  this  region  (fig.  85,  Oi)t.  N .  f. ;   Ret.  N.). 

There  are  two  long  slender  cuticular  rods  in  each 
retinal  cell.  These  are  crescentic  in  cross  section,  and 
enclose  between  them  the  cytoplasm  of  the  cell.  By 
making  a  cross  section  of  the  retina,  i.e..  at  right  angles 
to  the  length  of  the  cells,  it  will  be  seen  tlia.t  the  rods 
are  arranged  in  groups  of  four,  all  four  belonging  to 
adjacent  but  separate  cells.  Hence  the  two  rods  of  any 
cell  belong  to  adjacent  groups  of  four  rhabdomes. 

The  limiting  cells  lie  between  the  visual  or  retinal 
cells.  They  are  broadest  at  the  base,  and  the  roundish 
nucleus  is  situated  here.  Also  in  this  region  there  is  an 
accumulation  of  pigment  granules,  corresponding  to  that 
in  each  retinal  cell  (PL  X,  fig.  86,  Lim.N.).  The 
limiting  cells  are  shorter  than  the  visual  cells,  and  end 
just  internal  to  the  basal  membrane  (fig.  86,  BJ\[^). 
This  is  a  membrane  of  connective  tissue,  external  to  the 
limiting  cells  therefore,  but  pierced  by  the  retinal  cells. 
The  region  below  this  membrane  and  between  the  basal 
part  of  the  visual  cells  is  occupied  by  connective  tissue 
and  blood  vessels  (fig.  86,  C.  T .).  In  the  region  Avhere 
the  rods  are  found  the  limiting  cells  extend  forward  only 
as  very  hne  protoplasmic  processes  (fig.  86,  Liui^  C^), 
which  are  continued  as  far  as,  and  secrete,  the  membrana 
limitans,  which  covers  the  internal  surface  of  the  retina 
(fig.  86,  M.  L.\ 

Hesse  has  observed  in  K.  moschata  a  fine,  somewhat 
sinuous  fibre  which  runs  centrally  down  each  retinal  cell, 
from  the  basal  region,  and  ends  in  a  minute  knob  at  the 
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tip.  This  fibre  and  kuob  lie  considers  to  be  the  termina- 
tion of  the  nerve  in  the  retinal  cell.  This  continuity  has, 
however,  not  yet  been  seen  in  E.  cirrosa. 

There  is  in  both  species  a  second  region  where 
pigment  accnmulates,  towards  the  internal  end  of  the 
retinal  cell  (fig.  80,  Pig^)-  The  pigment  here  is  connected 
with  the  larger  basal  accumidatiou  by  a  long  slender 
track.  This  track  and  internal  accumulation  suiround 
the  nerve  fibre  and  knob,  according  to  Ilesse. 

In  the  dark,  e.g.,  at  night,  the  pigment  all  collects 
at  the  base  of  the  cells,  but  during  the  daylight  much 
flows  up  from  here,  and  collects  at  the  apex  of  the  cells, 
and  so  protects  the  delicate  visual  cells  from  excess  of 
light. 

l^iiE  Olfac'I'ory    Organ. 

Eledone  has  one  pair  of  olfactory  pits.  These  are 
round,  of  about  3  mm.  diameter,  and  situated  just  inside 
the  mantle  cavity,  in  the  angle  between  the  postero-lateral 
wall  of  the  funnel  and  the  mantle.  Hence  they  cannot 
easily  be  seen  in  the  living  speciuieiis.  They  are  shallow 
pits,    lined    by    horizontally    folded    epithelium    (PI.    X, 

fig.  (in,  oif.  p.). 

The  epithelial  lining  consists  of  iwo  Icinds  of  tall 
slender  cells:— (1)  Spindle  shaped  cells  with  Inrgc 
nuclei,  which  are  the  true  olfactory  cells,  each  bearing 
externally  a  stiff  fine  process,  while  internally  they  are 
continued  inlo  fibres  which  run  from  the  olfactory  nerve, 
and  having,  external  to  the  nucleus,  an  oval,  hnely 
granulated  body  (PI.  VI,  fig.  05,  Olf.  cell).  (2)  Epithelial 
cells,  of  hdig  cylindrical  form,  which  arc  interspersed 
among  tiie  sensory  cells  (fig.  05,  Ej).  cell),  and  have  their 
internal  ends  drawn  out  into  fine  branching  processes. 

\\  f     have     no     evidence     that     this    organ     is     ically 
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olfactory  in  function.  More  probably  it  is  some  kind  of 
taste  organ.  Its  function  may  be  the  testing  of  the  water 
whicb  enters  the  brancliial  cavity. 

The   Auditory    Organ. 

Eledone  has  one  pair  of  statocysts,  embedded  in  the 
ventral  wall  of  the  cranial  cartilage,  and  therefore  just 
below  the  sub-oesophageal  nervous  mass,  between  the 
pedal  and  visceral  ganglia.  The  membranous  statocyst  is 
spherical,  with  a  diameter  of  6  mm.,  and  lies  in  a 
spherical  cavity  of  somewhat  larger  dimensions.  The 
organ  is  attached  to  its  cartilaginous  capsule  by  a  network 
of  fine  ai'terial  vessels,  running  to  the  wall  of  the  vesicle 
(PI.  YIII,  fig.  68,  Aud.  caps.,  Aud.  ves.).  The  venous 
blood  collects  in  the  t-avity  of  the  capsule,  and  thence 
passes  out  to  the  anterior  vena  cava,  along  with  the  blood 
from  the  eye.  Dorsally  the  smooth  cartilaginous  wall  is 
pierced  hj  the  auditory  nerve  and  artery.  Internally  a 
thin  wall  separates  the  two  capsular  cavities. 

The  Statocyst  itself  is  a  spherical  transparent 
structure,  lined  with  a  flattened  epithelium.  Its  antero- 
dorsal  wall  is  thickened  into  an  oval  pad,  whose  internal 
wall  is  covered  with  columnar  cells,  bearing  numerous 
short  cilia  (fig.  67,  5.  d.).  Besides  this  sensory  pad,  there 
is  also  a  sensory  ridge,  which  runs  from  the  former  round 
the  dorsal  wall  of  the  vesicle,  then  over  the  ventral,  and 
finally  ends  on  the  dorsal  surface  (fig.  67,  s.  r.).  Between 
these  two  sensory  regions  is  a  low  conical  ridge  which 
projects  inwards  from  the  wall  of  the  vesicle  (fig.  67,  ijr.). 

The  auditory  nerve  originates  in  the  cerebral 
ganglion,  runs  downwards,  and  leaving  the  pedal  enters 
the  statocyst  dorsally,  and  bifurcates.  One  branch  ends  in 
the   pad,  whereas  the  other   supplies  the  ridge,  which  is 
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composed  of  two  lougitucliiial  rows  of  columnar  ciliated 
cells. 

The  cavity  of  the  vesicle  is  filled  by  a  clear  trans- 
parent tliiid.  Fitting  on  the  pad  internally  is  a  small 
coixical  calcareous  statolith  (tig.  67a,  and  67,  Sfuf.), 
which  is  probably  secreted  b}'  the  cells  of  the  pad. 

The  function  of  the  statocyst  is  that  of  equilibration. 
Experiments  in  ether  Cephalopods  have  shown  that 
destruction  of  one  or  both  statocysts  causes  loss  of  power 
to  balance  properly  in  the  water.  The  description  given 
l)y  ( )wsjannikow  and  Kowalevsky  of  the  statocyst  of 
Octojnis  agrees  with  this  organ  in  Eledone.  Kolliker  has 
shown  that  the  short  blind  finger-like  canal,  running 
outwards  from  the  wall  of  the  vesicle  near  the 
sensor}^  ridge  (fig.  67,  K.  C),  is  the  ciliated  remnant  of 
the  invagination  which  gives  rise  to  the  auditory  pit,  seen 
in  the  embryos  of  Cephalopods. 

IIEPEODUCTIVE    SYSTEM. 

I.     Female. 

The  Ovary  occupies  the  posterior  end  of  the  visceral 
dome.  It  is  a  large  organ,  the  size  varying  with  Ihe 
season,  and  with  the  maturity  of  the  specimen.  W'lien 
enlarged,  the  ovary  pushes  the  kidneys  which  before 
])artially  overlaid  it  forwards  and  to  one  side,  thus 
separating  them  posteriorly  (PI.  V.  fig.  •"»7,  (i .  and  H.  K .). 

'J'he  gonad  is  a  whitish  oval  ghmd,  with  a  thick  tough 
wall.  The  ventral  region  of  this  wall  aloiie  bears  the  ova, 
which  ai-e  suspended  from  it  in  racemes.  Hence  the 
gerniiiial  epithelium  of  the  ovary  is  conlined  lo  tliis 
ventral  icgion.  Tiu'i-e  are  from  ''»()  lo  H)  racemes  ot  ova 
(PI.  V,  fig.  ;{9,  ov.).  Elsewhere  the  wall  of  the  ovary  is 
j^mooth,    with  Ihe  eN<-cplion  of  a  much   folded  ami  twisted 
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patch,  situated  in  tlie  middle  line  (fig.  39,  ghlr.  j/.). 
Here  there  is  a  thickened  region,  intersected  by  many 
sinuous  lines.  Above  the  oviducal  apertures  the  patch  is 
trilobed,  while  below  them  it  is  bilobed  and  much  larger. 
This  raised  and  folded  region  forms  a  frill  round  each 
oviducal  aperture,  the  two  being  separated  by  a  folded 
ridge  (fig.  39,  c.  r.).  There  are  two  symmetrical,  equally 
developed  oviducts,  through  which  the  ova  pass  from  the 
genital  gland  to  the  exterior.  They  open  into  the  dorsal 
wall  of  the  genital  gland  by  two  closely  approximated 
ajiertures,  one  on  each  side  of  the  middle  line  (PI.  Y, 
fig.  39,  /.  od.  ap.  int.).  The  initial  part  of  their  course  is 
best  followed  by  turning  aside  the  ventral  wall  of  the 
ovary,  together  with  the  ova.  The  oviducts  are  embedded 
in  the  substance  of  the  dorsal  wall  of  the  ovary  for  some 
distance  beyond  their  origin,  and  are  hence  obscured  ex- 
ternally (fig.  39,  emh^).  It  will  be  seen  that  the  water 
vascular  canals  are  similarly  embedded  in  the  wall  of  the 
ovary  for  the  first  part  of  their  course.  On  reaching  the 
lateral  wall  of  the  ovary  the  two  pairs  of  tubes  become 
free  and  run  round  the  side  of  the  genital  gland  to  its 
ventral  surface.  From  this  point  the  oviduct  slants 
obliquely  forwards  and  outwards,  dorsal  to  the  kidney, 
and  at  the  level  of  the  ureter  reaches  the  ventral  surface 
of  the  visceral  mass.  About  half-way  down  the  duct 
occurs  a  whitish  oval  swelling — the  oviducal  gland.  As 
shown  in  fig.  8,  the  terminal  third  of  the  oviduct  is  visible 
from  the  mantle  cavit}^  being  only  covered  by  the 
epithelium  of  the  visceral  mass. 

All  the  eggs  in  any  given  ovary  are  at  the  same  stage 
of  maturity.  The  origin  of  the  ova  has  not  been  followed 
in  Eledone,  and  the  youngest  specimens  examined  already 
show  the  eggs  well  developed,  and  surrounded  by  a 
nourishing  e^rcr  follicle.     In   other   Cephalopods  the   ova 
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are  cells  of  the  germinal  \v;i!l,  whicli  sink  below  the 
general  epithelium,  and  then  protrude  into  the  ovary, 
pushing-  the  wall  before  them  until  they  are  completely 
surrounded  by  an  epithelial  layer,  several  cells  thick. 
The  egg  itself  becomes  surrounded  by  a  special  nourishing 
or  follicidar  layer,  at  the  expense  of  the  surrounding  cells. 
With  the  growth  of  the  ovum,  tliis  layer  becomes  actually 
folded  into  the  egg  substance  (PI.  IX,  fig.  67ft,  foil.),  to 
increase  its  surface  of  contact  with  the  ovum.  Further 
protrusion  and  folding  of  the  germinal  wall  gives  rise  to 
the  characteristic  racemes  (PL  V,  fig.  41,  egg.  R.). 
Finally  the  follicle  secretes  the  chorion  round  the  mature 
ovum,  which  now  escapes,  bursting  through  the  covering 
layers  (fig.  67b,  C.  T.),  and  then  passing  out  by  the 
oviduct. 


Fid.  Vll.— A. 


Fhi.   Vll.— Ji. 


l''i<;.    VII.- C. 


Fig.  VII.  — Male  reproductive  orgaii.s  of  vouiih  /•-'•  (ildroffuufi.  A,  from 
ventral  side  ;  B,  genital  duct  as  in  situ,  dor.sal  view:  C,  genital  duct  unravelled 
to  show  various  regions  ;  x  2. 


II.      Mai.k. 

it   is   nol    |tr(i|M)s<'(l    In   o-|\c   ;i    (|cl;iilc(l    uccmiiil    ot   tlie 

iiinh'  gciiihil    iiro;ins  nl    I'Jiiloiii,    ;is  no    iii;ilc   specimen   of 

I'j.    riiroKd    ((inhl    l)e    ((l)t;iine(l.         Ilowever,    llie    lollowing 

dcHcriyjtion    ol     iin     immnlure     nude     I:,    (del  rai'dtidi     will 
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probably  resemble  E.  cirrosa  in  its  ^-eneral  outlines.  As 
in  the  female,  the  genital  gland  is  situated  posterior  to 
the  alimentary  canal,  at  the  extreme  end  of  the  visceral 
dome.  It  is  rounded  in  sha])e  and  opens  to  the  exterior 
b}' : — (1)  Two  coeloniic  canals,  right  and  left,  which  open 
anteriorly  into  the  testes  (Text  %.  YIIa,  W.  V.  C.) ;  and 
(2)  one  sexual  duct,  which  is  the  left,  the  right  being 
atrophied.  The  hinder  portion  of  this  duct  is  coiled  into 
a  spiral  mass  lying  on  the  left  aniero-dorsal  wall  of  the 
genital  gland  (Text  figs.  VIIa  and  n.).  The  different 
regions  into  which  it  is  divided  when  spread  out  are  shown 
in  Text  fig.  VIIc.  Much  of  (his  duct  is  ciliated  internally. 
The  part  visible  from  the  mantle  cavity  resembles  in 
position  and  appearance  the  left  oviduct  of  the  female 
(V\.  IT,  fig.  8,  pen-)- 

A  narrow  winding  vas  deferens  leads  off  the  sperma- 
tozoa from  the  testes  (Text  fig.  YIIc,  V .  ]).),  "and  then 
widens  to  form  the  vesicula  seminalis.  This  reyion  and 
the  prostate  and  accessory  glands  are  concerned  in  the 
formation  of  the  spermatophores,  i.e.,  they  form  a  tube 
round  the  spermatozoa  (Text  fig.  VIIc,  V.  >S.,  Pr.). 
Needham's  sac  (Text  fig.  YIIc,  Y/),  into  whicJi  the 
spermatophores  now  pass  by  a  short  thin  vas  efterens,  is  a 
store,  where  they  are  arranged  side  by  side  longitudinally, 
to  await  expulsion  through  the  penis.  As  in  the  ovarv  of 
the  female,  the  ventral  wall  of  the  testis  is  alone 
germinal. 

vSp  AWNING. 

The  eggs  examined  were  spawned  by  a  specimen  of 
E.  cirrosa  in  a  tank  at  Plymouth  in  July,  1903.  Since 
the  crabs  placed  in  the  tank  as  food  for  the  Eledones 
attacked  the  ova,  only  two  bunches  were  saved.  The 
ova   have    not.    as    vet,    been    dredged,    or    taken    in    the 
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trawl— possibly  tlioy  are  fastened  by  the  mother  amongst 
rocks  ill  inaccessil)l(>  places. 

Tlie  ova  of  E.  cirrosa  are  o>roupecl  in  characteristic 
strings  during  the  spanning  (PI.  I,  fig.  2).  One  female 
deposits  about  30  of  these  racemes,  each  consisting 
of  25  to  -iO  eggs,  so  thai  the  toial  number  spawned 
is  about  SOO.  The  whole  process  of  spawning  lasts  over 
several  days,  the  racemes  being  {)ruduced  at  intervals 
during  this  time.  According  td  -Toubin,  E.  (ddrovandi 
will  devour  its  own  spawn  il'  dislurbed  during  tlie  laying 
])rocess. 

The  s])awn  will  now  \w  described,  so  ihat  the  order  of 
events  in  s])awniiig  may  be  understood.  Tlie  v^ro^  itself 
is  enclosed  in  a  semi-transparent  horny  e^^  case  (fig.  2, 
h.  c),  which  is  secreted  by  the  follicular  epithelium  before 
tlie  expulsion  of  the  ovum.  Anlciiorly  this  e^^  case  is 
drawn  out  into  a  string  foi'  aiiatdiment  {egy.st.).  These 
strings  seem  first  to  be  twisted  togethei'  in  groups 
of  four  to  six,  and  then  the  latter  become  intertwisted, 
thus  forming  a  main  central  horny  axis,  which  is  coated 
externally  by  a  thin  dark  lavei-  of  horn,  and  ends  in  a 
flat  disc  whi(di  adhei'es  to  the  glass  front  of  the  tank 
(fig.  2,  .1.  I).).  The  strings  of  ova  aic  generally  attached 
on  or  neaT-  the  glass  front  of  tlie  tank,  about  a  foot  from 
the  suifacc.  The  actual  depositioii  ol'  the  eggs  has  been 
observed  at  the  Poi-t  Krin  Biological  Station  by  Mi-. 
(ji-avcly,  of  ^lanchester  (jjiiversity,  wh<t  has  kindly 
tiii-nislied   me  witli  notes  on  the  process  for  this  Memoir. 

Foi"  about  two  hoiiis  before  the  eggs  were  spawned, 
the  hjlcildiii  was  seen  (dinging  to  the  glass  front  of  the 
tanJi,  with  fh(^  small  suckeis  on  the  proxiuuil  part  of  the 
arm  extended.  Sevenil  \cry  violent  waves  of  contiaction 
passed  over  the  b(tdy  from  behind  forwards,  and  several 
jets    of    walei'    W(Me    diiected    \)y    the    funnel     over    the 
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proximal  region  of  the  arms  and  the  mouth.  The  dorsal- 
most  pair  of  arms  was  loosely  thrown  back  over  the  head, 
and  while  the  ventralmost  was  pressed  against  the  ventral 
posterior  part  of  the  body,  the  lateral  pairs  were  thrust 
into  the  mantle  cavity,  and  appeared  to  press  vigorously 
against  the  visceral  mass.  Then  the  arms  were  all 
twisted  about  in  the  water  in  an  extraordinary  spiral 
manner.  After  these  preliminary  indications  of  great 
excitement,  and  preparation  for  spawning,  the  Eledone 
seemed  to  settle  down,  the  small  circumoral  suckers  were 
approximated  and  extended  so  as  to  form  a  closed  chamber 
over  the  region  of  the  mouth.  Then  the  siphon  was 
inserted  into  this  chamber,  and  a  number  of  eggs  passed 
in.  Next  the  circumoral  suckers  began  to  press 
the  very  sticky  glutinous  substance  which  accompanied 
the  ova  against  the  glass. 

The  proximal  part  of  the  bunch  of  eggs,  together 
with  the  adhesive  disc,  could  now  be  seen,  but  the  distal 
part  of  the  bunch  was  still  hidden  by  the  bases  of  the 
arms.  Next  the  suckers  in  this  region  moved  the  eggs 
about  and  appeared  to  arrange  them  in  their  hnal  con- 
dition as  described  above.  When  first  spawned  the  eggs 
have  no  definite  central  cord,  but  appear  to  be  held 
together  merely  by  the  glutinous  mass  which  accompanies 
them.  Then  the  two  ventral  arms  press  the  bunch  firmly 
against  the  glass,  and  seem  to  test  the  firmness  of  the 
adhesion.  The  whole  process,  after  the  Eledone  comes  to 
rest  before  spawning,  occupies  from  fifteen  to  twenty 
minutes. 

Eledone  very  rarely  spawns  when  in  captivity— 
possibly  as  a  result  of  living  uncler  artificial  conditions. 
Hence  the  fact  that  it  is  nevei-  kept  in  aquaria  throughout 
the  winter  may  possibly  be  explained  as  the  result  of 
becoming  egg-bound,  as  well  as  of  too  low  a  temperature. 
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At  Port  Erin,  KJrdonc  fi-o(|ii(Mitlv  n])p('ars  to  innko 
unsuccessful  attempts  to  spawn,  and  in  the  late  summer 
the  body  swells  up  greatly  and  then  begins  to  degenerate, 
causing  death.  Possibly  this  may  be  due  to  the  absence 
of  males. 

The  large  ova  of  K.  cin'osa  arc  oval,  and  slightly 
narrower  at  the  tip  than  at  the  base,  measuring  about 
19  X  6"5  mm,  A  large  amount  of  yolk  is  present,  in 
fine  granules.  The  only  (^(^-^  cnvcdopo,  or  chorion,  is 
transparent  and  horny,  being  drawn  out  into  the  attaching 
string  anteriorly.  At  this  end  also  it  is  pierced  by  the 
fine  micropylt".  Tlio  ovum  is  surrouiuled  by  a  clear  fluid, 
and  the  formative  protoplasm  is  aggregated  at  the  anterior 
end,  and  round  the  circumference  of  the  eg^  cell.  No 
vitelline  membrane  is  present,  the  follicular  epithelium 
in  the  ovary  secreting  the  chorion. 

During  fertilisation  it  is  probable  that  the  male,  as 
in  Octojjus,  deposits  th(>  spormatophores  by  means  of  the 
hectocotylised  arm,  in  the  nnlcMior  end  of  the  oviducts. 
YN'lieii  these  s])eiiiialophoi(^s  burst,  the  free  spermatozoa 
enter  the  eggs  by  means  of  the  microjiyle.  As  Kledonc 
has  no  nidamentul  glands,  the  Qgg  is  not  covered  by  any 
capsule  such  as  occurs  in  the  case  of  Sepid,  or  jelly  mass 
as  i]i  the  egg  of  Lolnio.  Since  in  K.  cirvom  the  egg  is 
eveji  larger  and  more  yolk-laden  than  in  Sepia,  possibly 
the  development    may  be  along  similar   lines. 

No  account  of  the  develo[)ment  of  PL  civroxa  can  be 
given,  as  no  living  material  was  obtained,  nor  has  the 
development  of  any  member  of  the  genvis  E/cdoiicyvt  been 
ffdlowcd  out.  J)rawingt,  of  two  embryonic  stages  of 
A',  aidrovdiuli  are  shown  on  I'latc  I.  Figure  •>  is  that  of 
a  rather  younger  embiyo  than  is  fig.  4  (after  Korschelt), 
;ind  is  drawn  fiom  some  half-developed  embryos  kindly 
given   by    .Mi.    Iv   S.    Russell,   of  (jlasgow    University. 
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EXPLANATION    OF    PLATES. 


Reference    Letters. 


a.  =  Base  of  arm. 

Oj  =  Arm  tip. 

mi.  =  Anus. 

an.  I.  —  Anal  appendage. 

ap.  int.  =  Opening  of  water  canal. 

au.  =  Auricle. 

an.  v.,  aui  Vi=  Semilunar  valves. 

Ai  =  Artery  of  Br.  filament. 

A^,  A^.,  J 4  =  Arms. 

A  and  D.  =  Anterior  and  dorsal. 

.4.  J).  =  Adhesive  disc. 

A.  V.  C.  =  Anterior  Vena  Cava. 
Abd.  A.  =  Abdominal  Aorta. 
Ahd.  V.  =  Abdominal  Vem. 

Ac.  Gl.  =  Accessory  gland. 

Ace.  Pall.  N.  =  Access.  Pallial  tier\  c. 

Aff.  V.  =  Afferent  Branchial  vessel. 

Ani.  A.  —  Antei'ior  Aorta. 

Ant.  Fun.  N.  =  Ant.  Iixfundib.  nerve. 

Ant.   Sup.   oph.    =    Ant.   Sup.  Ophth. 

nerve. 
.int.  V.  N.  =  Nerve  of  Ant.  Vena  Cava. 
AtU.  Vise.  G.  =  Pleural  ganglia. 
Arm.  A.  =  Brachial  artery. 
Arm  V'l,  Arm  V.,.  =  Brachial  veins. 
And.   caps.    =    Auditory  capsule. 
Aud.   N.    =   Auditory  nerve. 
.iud.  ves.  =  Auditory  vesicle. 
b.  =  Degenerate  ovum. 
6j  =  Muscles  over  Ci'anial  Cartilage. 
b.  s.  =  Blood  sinus. 
Br.  app.  3.  v.  r.  =  Brachial  appendage. 
fir.  mem.  =  Branchial  membrane. 
B.  A.  =  Buccal  artery, 
/ij  J/|=  Basal  membrane. 
B.  M.  =  Buccal  luass. 
li.  N.  =  Buccal  nerve. 

B.  V.  =  Blood  ves.sel. 

Jil.  j\.  ~  Branchial  artery. 

Bl.  N.  —  liranchial  nerve. 

Bl.g.  =  Brancliial  ganglion. 

Br.  A.  =  Bra-Ilia!  artery. 

Br.  app.  --  IV'rifiirdial  gland. 

Br.  G.  =  Brachial  ganglion. 

Br.  gld.  =  Branchinl  gland. 

lir.  ijld.  v.  —  Vein  of  Bran,  gland. 

Br.  hi.  —   Branchial  heart. 

br.  M.  ----  Brancliial  muscle,  attaching 

gill    U>    mantle. 
br.  A'.  =    Brachial  nerve. 
Br.  V.  —  Intcrl»ra''hial  v«iii. 


G.  =  Cuticular  layer. 

C.  A.  =  Cephalic  artery. 

C.  G.  =  Cerebral  ganglion. 

C.  N.  S.  =  Central  nervous  svstem. 

C.  S.  =  Cartilaginous  Stylet.  ~ 

C.  cell.  =  Cartilage  cell. 

Ce.  =  Central  tooth  of  radula. 

Gepk.  V.  =  Cephalic  vein. 

circ.  m.  =  Circular  muscle. 

Conjunct.  =  Conjunctiva. 

Cor.  V.  =  Coronary  veins. 

C.  T.  =  Connective  tissue. 
Cr.  C.  ~  Cranial  Cartilage. 

r.  r.  =  Ridge  betw.  oviducal.  apert. 

rh.  =  Chitinous  lining. 

Chr.  =  Chromatophorcs  in  dermis. 

Cil.  B.  =  Ciliary  body. 

circ.  lid.  —  Circular  eyelid. 

Coel.  =  Pericardial  coelom. 

coU.  =  Collar  muscle. 

cr.  =  Crop. 

Cor.  .4.  =  Coronary  artery. 

Cpdl:  mass.  =  Cephalopedal  mass. 

Cut.L.  =  Cuticular  lining  of  oesophagus. 

depr.  =  Depression  for  spermatophores. 

D.  =  Dermis. 

i),  =  Dorsum  of  heart. 

D.  M.  and  V.  =  Buccal  nerve  branches. 
Du.  =  Salivaiy  ductule. 

E.  =  Eye. 

Eff.  A.  =  l<]fferent  artery. 

egg.  R.  =  Egg  raceme. 

egg.  st.  =  Egg  stalk. 

cinb.  =  Embryo. 

emb^.  =  Part  of  oviduct. 

c.  m.  =  Muscular  se])tum. 

ep.  =  Epi  podium. 

Ep.  cell.  =  Epithelial  cell. 

Ep.  =  Epidermis. 

Ep.  S.  =  Stylet  sac. 

Ex.  (J.  L.  =  Ext.  fibrous  layer. 

Ext.  —  Ext.  juusc.  of  sucker. 

Ext.  Mu,'<c.  =  Kxt.  muse,  coat  of  eye. 

ert.  or.  =   Kxt.  orifice  of  eye. 

/.  =  Foot. 

fi>  /a-  fs-  =  Folds  of  gill  HIa'ts. 

/.  ant.  —  Ant.  funnel  opening. 

/.  cl.  =  (Closed  funnel  (ins])iration). 

f.o.  =  Funnel  organ. 

/.  up.  =  (Jpcn  I'^mnel  (ex])iration). 

joU.  =  Follicular  layer. 
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F   =  Funnel. 

F-^  =.  Oviclucal  artery. 

F.  A.  =  Infundibular  artery. 

F.  D.  =  Depressor  muscle  of  funnel. 

F.  V.  =  Infundibular  veins. 

F.  W.  =  Folded  wall,  olf.  pit. 
g.  =  Gill 

gr.  =  Groove  for  spermatophores. 
g',  g".  =  Ganglia  on  Visceral  nerve. 
gr^  =  Groove  betw.  web  and  lip. 

G.  =  Genital  gland. 
G.  A.  =  Genital  aorta. 

G.  g.  —  Gastric  ganglion. 

gldr.  p.  =  Glandular  region 

G.  V.  =  Genital  vein. 

gldi  =  Indiflerent  cells. 

h.  —  Head. 

h.  ap.  =  Hepato-pancreatic  aperture. 

h.  c.  =  Horny  egg-case. 

H.  E.  =  Epithelial  covering  of  hepatic 

gland. 
Hep.  A.  =  Hepatic  artery. 
H^  =  Nerves  to  head. 
H.  =  Heart. 
H.  V.  —  Hepatic  vein. 
H.  D.  =  Common  Hepatic  duct. 
i.  d.  =  Ink  duct. 
int.  =  Intestine. 
i.  s.  =  Ink  sac. 
I.  br.  =  Interbrachial  nerves. 
/.  C.  L.  =  Internal  fibrous  layer. 
/.  p.  =  Ink  duct  papilla. 
hid.  =  Iridocysts  in  dermis. 
/.  S.  A.  =  Artery  to  Ink  sac. 
/.  S.  Gr.  =  Ink  sac  groove. 
/.  S.  N.  =  Nerve  to  Ink  sac. 
/.  S.  V.  =  Vein  to  Ink  sac. 
Inf.  oph.  N.  =  Infer.  Ophth.  nerve. 
Int.  A.  =  Intestinal  artery. 
Int.  ap.  =  First  part  of  intestine. 
Int.  Muse.  =  Inter,  muse,  of  eye. 
Int.  V.  =  Intestinal  veins. 
/.  E.  =  Iridescent  envelope. 
i.  ep.  =  Inter,  epith.  of  oesoph. 
/.  gld.  =  Ink  gland. 
Jj  and  J.  =  Ventral  and  dorsal  jaws. 
K.  C.  =  KoUiker's  canal. 
I.  —  Lip. 

l^  =  External  lip. 
I.  d.  c.  =  Left  dorsal  cirrus. 
I.  b.  s.  =  Larger   blood  sinus. 
I.  f.  r.  =  Left  funnel  ridge. 
/.  h.  d.  and  r.  h.  d.  =  Hepatic  ducts. 
lid.  =  Eyelid. 

I.  m.  gr.  =  Left  mantle  groove. 
I.  od.  ap.  int.  =  Int.  apert.  of  1.  oviduct. 
L.  =  Lens. 


/vj  =  Branchial  leaflets. 

Lac.  =  Apertures  in  wall  betw.  So  Fj 

and  1S3  F3. 
Liv.  =  Liver. 

L.  ace.  =  Accessory  gill  leaflets. 
L.  All ;  R.  Au.  —  L.  and  R.  auricles. 
L.  Bl.  A.  =  Left  Branchial  artery. 
L.  F.  D.  =  Left  Funnel  depressor. 
L.  F.  Pr.  =  Left  Funnel  protractor. 
L.  M.  =  Lateral  muscle. 
L.  Pall.  A.  =  Left  Pallial  artery. 
L.  V.  C.  =  Latei-al  Vena  Cava. 
Lim.  C.  =  Limiting  cell. 
Lim.  N.  =  Nucleus  of    ditto, 
m.  =  Mouth. 
W],  m.l.,  m.p.,  m.p.  e.r.  =muscular 

sheets. 
m.  d.  =  Mantle  closed  (expiration). 
m.  op.  =  Mantle  open  (inspiration), 
m.  s.  =  Muscular  septum. 
m.  5.  a.  —  Attachment  of  septum. 
M,  =  Mantle. 
M.  C.  =  Mantle  cavity. 
M.  L.  =  Limiting  membrane. 
MyM.  =  Muscular  mantle. 
M.  V.  =  Mantle  Veins. 
M.  W.  =  Oesophagus  wall. 
M.  ep.  =  Inner  JNIantle  e]>ithelium. 
Matr.  =  Cartilaginous  matrix. 
Mem.  =  ilembranous  sac. 
J/e.s.  =  Mesentery. 
M'us.  =  Muscular  part  of  arm. 
i^i  =  Needham's  pouch. 
N.  =  Arterial  network  in  folds  of  gill 

filament. 
N.  A.  =  Nuchal  artery. 
N.  Girc.  =  Circular  Brachial  nerve. 
Nucli.  M.  =  Niachal  muscle. 
Od.  =  Oviduct. 

od.  ap.  =  Aperture  of  oviduct. 
od.  gl.  =  Oviducal  gland. 
oes.  =  Oesophagus. 
Oes.  g.  =  Sub-oesophageal  ganglion. 
o.  g.  =  Oval  ganglion. 
Olf.  cell.  =  Olfactory  cell. 
olf.  N.  =  Olfactory  nerve. 
olf.  P.  —  Olfactory  pit. 
Opt.  G.  =  Optic  ganghon. 
Opt.  N.  =  Optic  nerve. 
Opt.  N.  f.  =  Fibres  from  optic  nerve. 
opt.  Nj^  =  Nerves  to  retina. 
ov.  =  Ova. 

ov.w.  =  Wall  of  ovary. 
O.A.  =  Optic  artery. 
Oes.  A.  =  Oesophageal  artery. 
or.  =  Pyloric  aperture. 
orb.  C.  =  Orbital  cartilage. 


o(i(i 
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orb.  V.  =  Vein  to  orbital  sinus. 

p.  c.  =  Polygonal  cell. 

pad.  =  JRisciilar  stomach  pad. 

pch.  =  Pouch-like  dilatation. 

pen.  =  Penis. 

ps.  ext.  =  Ext.  pseudocorneal  nieuib. 

ps.  int.  =  Int.  pseudocorneal  meinb. 

ps.  mem.  =  Pseudocorneal  ineiiii)rane. 

P.  =  Pancreas. 

Pj  =  Tenninal    suckers   of   male. 

P.  C.  =  Post,  communication  between 
mantle  cavities. 

P.  A.  =  Pancreatic  artery. 

Pp.  =  Pupil  of  eye. 

P.  M.  =  Post,    membranous  wall  of 
brain  capsule. 

Pall.  N.  =  Pallial  nerve. 

Pall.  V.  =  Pallial  vein. 

Ped.  G.  =  Pedal  ganglion. 

Ph.  A.  =  Pharyngeal  artery. 

Pig.  =  Retinal  pigment. 

Post.  Fun.  N.  =  Post.  Infundib.  nerve. 

Post.  Sup.  oph.  —  Post.  Sup.   Ophthal- 
mic nerve. 

p-.  =  Prostate. 

r.  =  Ridge  for  jaw   muscles. 

r.  b.  =  Base  of  radular  sac. 

r.  »n.  gr.  =  Right  mantle  groove. 

rad.  =  Radula. 

R.  =  Rectinn. 

P.  K.  =  Right  Kidney. 

B.  N.  =  Retinal  nerves. 

R.  Pall.  A.  =  Right  Pallial  artery. 

R.  Pc.  ap.  =  R.  rcno-pericardial  a]ier- 
ture. 

B.  S.  —  Radula  sac. 

R.  wall.  =  Inner  wall  of  oesophagus. 

Rer.  =  Recurrent  arter}-. 

Rea.  =  Reservoir. 

Ret.  =  Retina. 

Ret.  C.  =  Retinal  cell. 

Ret.  N.  =  Nucleus  of    ditto. 

S.  A.  =  Salivary  artery. 

s.  d.  =  Sensorj'  pad. 

»•  g-y  «i  (J\  =  Salivary  glands. 

s.  g.  d.  =  Salivary  ducts. 

sh.  =  Shell. 

a.  I.  g.  =  Sub-lingual  salivary  gland. 

*/f.  =  Edge  of  integument. 

e.  T.  ~  Sensory  ridge. 


.«.  r.  0.  =  Sub-radular  lU'gan. 

S.  =  Sucker. 

S.  a.  =  Sucker  artery. 

S.  0.  =  Ganglion  supplying  suckers. 

S.  N.  =  Nerves  to  sucker. 

S.  V.  =  Venous  Sinus. 

SjF^,  /SjT'^,  iSg  1 '3.  =  Divisions  of  ditto. 

S.  Vess.  =  Vein     running     between 

successive  suckers. 
Sept.  A.=  Septal  artery. 
Sept.  V.  =  Septal  vein. 
Sph.  =  Sphincter  of  sucker. 
St.  G.  =  Stellate  ganglion. 
•scZ.  =  Sclerotic. 
Sp.  Coe.  =  Spiriii  caec\iTu. 
St.  =  Stomach. 
Stat.  =  Statolith. 
Sir.  =  Conn.  tiss.  Stroma. 
Sup.  V.  =  Superficial  veins  of  head. 
t.  =  Tongue. 

tr.  =  Secretory  trabeculae  of  Ink  gland. 
tr.  s.  =  Triangular  septum  in  heart. 

T.  —  Testes. 

Tu.  =  Secretorj'  tubule. 

Ur.  =  Ureter. 

Ur.  p.  =  Urinary  papilla. 

V.  =  Ventricle. 

V.  =  Trans,  valves  in  s]iiral  caecum. 

V.  D.  =  Vas  deferens. 

Vi,  Fji.  =  Secondary  Branchial  veins. 

Vi.  =  Semilunar  valves. 

V.  app.  =  Venous  appendages. 

Vise.  A.  =  Visceral  arterJ^ 

vise.  d.  =  Visceral  dome. 

l^isc.  G.  =  Visceral  ganglia. 

Vitr.  =  Vitreous  i)ody. 

V.  E.  =  Visceral  envelope. 

V.  Eff.  =  Vas  eficrens. 

Vase.  N.  =  Vascular  network. 

Vise.  N.  =  Visceral  nerve. 

V.  E.  A.=  Artery  to  visceral  envelope. 

V.  E.  V.  =  Vein  from  visceral  envelope. 

V.  S.  =  Vesicula  seminalis. 

F,  Si  =  Sac  of  vitreous  fl\iid. 

W.  =  Web. 

W.  B.  =  White  bod>. 

W.  V.  C.  =  Wat«r  vascular  canal. 

W.  V.  C.  ap.  =  Opening  of  water  canal 
into  ]iericardium. 
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Plate  I. 


Fig.  1.  Dorsal  view  of  adult  female  E.  cirrosa ;  spirit 
specimen.      x  |. 

Fig.     2.     Ova  of  E.  cirrosd  ;   in  formalin.      x  |. 

Fig.  3.  Unhatched  embryo  of  E.  aldrovandi,  right 
side;  in  formalin.      x  2. 

Fig.  4.  Older  unhatclied  embryo  of  E.  aldrovandi,  left 
side.      X  4.     (After  Korsclielt.) 

Plate  II. 

Fig.  5.  Oral  view  of  web  of  adult  E.  cirrvsa ;  spirit 
specimen.      x  |. 

Fig.  6.  Mouth  and  initial  sucker  of  arms,  showing- 
internal  and  external  lips.      x   1. 

Fig.  7.  (a)  Eledone  from  left  side,  during  inspiration  ; 
and  {h)  Eledone  from  left  side,  during  expira- 
tion.     X  |. 

Fig.  8.  E.  aldrovandi,  male ;  left  half  of  mantle  cavity. 
Young  specimen.      x  1. 

Fig.  9.  Funnel,  showing  muscles;  integument  cut 
along  line  {tik.),  and  funnel  turned  forward 
ventrally.      x  i. 

Fig.  9(7.     Ventral  view  of  anterior  part  of  mantle  cavity; 


to  show  the  locking  apparatus. 


Fig.   10.     Funnel  opened  to  show  funnel  organ,    x  i. 

Plate  III. 

Fig.  11.  Mantle  cavity  from  ventral  side:  showing 
pallial  complex  and  vertical  septum.      x  |. 

Fig.  12.  Visceral  mass  from  ventral  side,  kidneys 
removed  and  ink  sac  dissected  awa}'  from  liver, 
and  turned  forward.      x  i. 

Fig.  13.  Postero-dorsal  region  of  mantle,  inner  surface ; 
viscera  removed,  and  the  funnel  depressor  and 
lateral  muscles  partially  dissected  away,  to 
show  the  cartilaginous  stylets  in  situ. 
Diagrammatic.      x  i. 
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Fig.  14.  Cephalopedal  mass,  dissected  to  show  relation 
of  biioeal  mass  to  bases  of  the  arms — from 
ventral  surface.      x  |^. 

Fiff.   15.     Transverse    section    of    mantle    in    resfion     of 

cartilafjinons  stylet.     Highly  magnified. 
Fig.  l(j.     Eight   stylet  (a)   dorsal   view;    (b)   from    right 


si 


de.      X  |. 


Plate   IY. 

Fig.  17.  Alimentary  canal,  dissected  out  from  body,  to 
show  relations  of  various  parts;  crop  turned  to 
the  right,  buccal  mass  to  the  left,  and  liver 
forwards.       x   i. 

Fig.  18.  Oesophagus  with  crop,  and  sit)macli;  slit  open 
to  show  ridged  chitinous  lining  of  all  three 
regions.  Muscular  walls  of  stomach  tuined 
back  from  the  chitinous  lining.      x  1. 

Fig.  19.  T.  S.  stomach,  showing  thickened  grinding 
pads,    and    correspoiuling    thickened    cuticle. 

Fig.  20.     linccal  mass,  from  right  side.      x  1. 

Fig.  21.      liight  posterior  salivary  gland  :    inner  surface. 

Fig.  22.     Eight  anterior  salivary  gland;    inner  surface. 

Fig.  2-'l.  Ventral  surface  of  buccal  mass,  showing  sub- 
lingual salivary  gland.      x  1. 

Fig.  24.  Sagittal  section  through  buccal  mass,  and 
anterior  portion  of  oesophagus.      x  1. 

Fig.  25.     Two  rowK  of  teeth  from  radula:  much  enlarged. 

Fig.  2fj.     Sagittal  section  of  ink  sac.      x  2. 

Fig.   27.     Jaws,  from  left  side,      x   1. 

Fig.  2(S.  Spiral  caecum  ;  ventral  view,  showing  entrance 
of  hepato-pancreatic  duct.      x  1. 

Fig.  2!J.     Anal  ear  (enlarged). 

Fig.  '■')().  Inner  wall  of  t(>rniiiial  |)ai't  rectvim,  sluiw  ijig 
aperture  of  ink  duit  on  dorsal  j)apilla.       x   2. 
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Plate   Y. 

Fig.  33.     Transverse  section  of  oesophagus  (enlarged). 
Fig.  34.     Transverse     section     of     tubules     of    posterior 

salivary  gland. 
Fig.  35.     Transverse     section     of     tubules     of     anterior 

salivary  gland. 
Fig.  36.     Transverse     section     of     secretory     tubule     of 

salivary  gland,  showing  secretory  cells. 

Fig.  37.  Kidneys,  seen  from  ventral  surface,  after 
removal  of  visceral  envelope.     Female.      x  1. 

Fig.  38.  Spiral  caecum,  opened  along  columellar  edge 
of  spiral,  and  walls  pinned  back.  The  series 
of  transverse  valves  may  be  seen,  and  the 
internal  aperture  of  the  hepato-pancreatic 
duct.      X  1. 

Fig.  -iSa.  View  of  viscera,  after  removing  kidney  and 
heart,  and  turning  liver  forward — from 
ventral  surface.      x  i. 

Fig.  39.  Ovary,  and  female  geiiital  ducts.  The  ventral 
germinal  wall  has  been  turned  forward 
anteriorly.      x  1. 

Fig.  40.  Sketch  showing  relation  of  pericardial  division 
of  coelom*  to  water  vascular  canal  and  ureter. 
Reno-pericardial    aperture    seen    at    base    of 


opened  ureter.      x 


Fig.  41.  View  of  j)ortion  of  germinal  wall  of  ovary,  from 
inner  surface,  showing  attachment  of  the  eggs 
in  racemes.      x  i. 

Fig.  59.     Right  gill — ventral  view.      x  1. 

Fig.  60.  Portion  of  gill,  from  inner  surface,  showing 
alternating  arrangement  of  inner  and  outer 
leaflets :  the  central  inner  leaflet  removed. 
(Enlarged.) 

Plate    YI. 

Fig.  42.  Injection  of  arterial  system,  showing  the  dis- 
tribution of  the  main  brachial,  cephalic, 
pallial,  genital  and  visceral  branches.  From 
ventral  surface — partly  diagrammatic.      x  |. 
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Fig.  44.     Amoeboid  colourless  blood  corpuscles. 

Figs.  45  &  46.  Heart  bisected  in  median  antero-posterior 
plane.  Fig.  4-3  sbows  dorsal  portion  from  inner 
surface,  and  entrance  of  anterior  and  genital 
aortae;  also  triangular  septum.  Fig.  46 
shows  ventral  poi'tion  from  inner  surface,  witb 
openings  of  auricles  and  abdominal  aorta,    x  1. 

Fig.  47.  Heart  bisected  in  median  dorso-ventral  plane, 
and  viewed  from  cut  surface,  (a)  Left  half 
of  heaii; — inner  surface,  showing  triangular 
septum,     (b)  R-ight  half,      x  1. 

Fig.  48.  Semi-lunar  auriculo-ventricular  valves,  looked 
at  from  ventricle.      x  1. 

Fig.  4!).  Diagram  showing  relation  of  inferior  intestinal 
arteries,  and  abdominal  aorta,  to  artery  of  the 
ink  sac.      x  1. 

Fig.  ")0.  liuccal  mass  from  left  side,  showing  distribu- 
tion of  left  pliai^vngeal   artery  and  branches. 

X   1. 

Fig.  51.  Sketch  showing  distribuiiou  of  left  branchial 
artery,  and  its  oviducal  branch.      x   j^. 

Fig.  V)-)<i.  Sket(4i  shoAving  polygonal  cells  of  branch lal 
gland,  and  the  intercellular  blood  sinuses. 

Fig.  65.  Epithelial  and  olfacttory  cells  lining  the 
olfactory  pit.     (After  /ernoif.) 

Fig.  ()(vi.  Portion  of  cartilage,  showing  branching  and 
anastomosing  processes  of  cartilage  cells. 


Platk    YTT. 

Fig.  52.  Figure  of  venous  system,  from  ventral  surface, 
pai'tly  diagi'anunatic,  showing  principal 
cephalic,  and  pa1li.il  veins,  and  Ihicc  venae 
cavae.      x    2. 

Fig.  5').  Large  perivisceral  hhiod  sinus  and  its  connec- 
tion with  the  lateial  and  anterior  venae  cavae. 
Ventral  surface,     x  }^.     Partly  diagrammatic. 

Fig.  54.  Two  adjacent  arms,  showing  venous  vessels  and 
r-oniinon  iiiteT'brachial  vein.       x    }^. 
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Fig.  oo.  Left  braiicliial  lieart,  .s]lo^viug  the  brauchial 
appendage  or  pericardial  gland.  From  ventral 
surface.      x  1. 

Fig.  56.  Distal  portion  of  lateral  vena  cava,  showing 
two  semi-lunar  valves  at  entrance  to  branchial 
heart,  and  also  apertures  leading  into  venous 
appendages,  and  into  the  network  of  vessels 
occurring  in  the  spongy  wall  of  the  branchial 
heart.      x  1. 

Fig.  57.  Mantle  cut  down  ventral  median  line,  and 
opened  out  flat.  The  left  half  is  seen  from 
the  dorsal  surface,  after  removing  the  skin. 
M.  V.  and  J/.  }\  re])resent  the  two  main 
pallial  veins.      x  i. 

Fig.  58.  Portion  of  arm,  showing  relation  of  main  veins 
to  the  network  which  drains  the  arm.      x  |. 

Plate    Till. 

Fig.  'Jl.  Ventral  view  of  ink  sac,  after  removal  of 
epithelium  covering  visceral  sac,  showing 
visceral  nerves,  and  nerve  artery  and  vein  of 


ink 


sac. 


3 


4- 

Fig.  32.  A'entral  view  of  ink  sac,  showing  veins  and 
arteries  injected.  The  visceral  and  iridescent 
envelopes  cut  open  and  turned  back.      x  1. 

Fig.  4-j.  Heart  from  ventral  surface,  showing  paired 
coronary  veins.      x  1. 

Fig.  61.  Gill  leaflet,  showing  network  of  arteries 
flowing  into  the  main  axial  vessel  which  leads 
into  the  efferent  artery.      x  1. 

Fig.  (J2.  Portion  of  gill  filament  from  external  surface, 
showing  terminations  of  venous  vessels  of  the 
second  order.      x  1. 

Fig.  63.  Portion  of  gill,  from  inner  surface,  showing 
main  arteries  and  veins  injected — second  inner 
filament  cut  away.     Much  enlarged. 

Fig.   67.     Right  statocyst,  from  ventral  surface.      x  3. 
Fig.   Vud.   Statolith,  from  free  surface.     Much  enlarged. 
Fig.   6(S.      Auditory  capsules  opeued  to  show  the  statocyst 
attached  to  capsule  by  vascular  network,    x  1. 
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Fig.  72.  Buccal  bulb  from  left  side.  Tlie  sub- 
oesophageal  gang-lion  and  its  branches  (a — (7), 
and  the  buccal  nerve  are  shown.      x  1. 

Fig.  79.  Lo7igitudinal  median  vertical  section  of  arm, 
showing  brachial  artery  and  nerve,  nerve 
ganglia  corresponding  to  the  suckers,  and  net- 
work of  fine  arteries  and  veins  which  surrounds 
them.      X  1. 

Fig.  80.  Dissection  of  dorsal  surface  of  head,  showing 
the  circular  nerve  which  unites  the  brachial 
nerves,  at  the  bases  of  the  arms.      x  i. 


Plate  IX. 

Fig.  ()'J.  \  eiitial  dissection  of  nervous  system,  partly 
diagrammatic.  Funnel  cut  open  and  turned 
aside,  muscular  septum  removed ;  the  branches 
from  ganglia  on  visceral  nerves  are  shown 
only  on  the  right  side.      x  |. 

Fiff.  70.  Central  nervous  system,  from  left  side.  Slijjhtlv 
enlarged. 

Fig.  71.  Left  optic  gaiigliou  and  nerve  from  din'sal 
surface.      x  1. 

Fig.  7'{.  Dissection  of  gastric  ganglion  and  its  branches 
(a — A).  The  alimentary  canal  is  seen  from 
the  ventral  surface. 

Fig.  74.  Dissection  of  tlie  superior  ophthalmic  nerves, 
and  the  olfactory  nerves  from  ihe  dorsal 
surface.  The  skin  and  suporticial  muscles 
have  been  dissected  away  and  turned  back, 
showing  the  muscular  coat  of  the  eye,  the 
bases  of  the  arms,  and  the  muscles  covering 
the  cranial  cartilage.      x   |. 

Fig.  7-').  Lateral  view  of  right  eye,  after  dissecting  away 
the  superficial  muscles  and  skin.  Shows 
anterior     superior     and     infeiioi-     ()|)liih:ilniic 


nerves,      x  4 


2- 


Fig  70.  Huccal  mass  and  central  nervous  system,  dorsal 
view.  The  course  of  the  labial  (a--d)  and 
buccal  nerves  may  be  seen.      x  L 
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Fig.  77.  Median  vertical  longitudinal  section  ol  arm, 
showing  the  ganglion  and  group  of  nerves, 
wliich  suppl}'  each  sucker. 

Fig.  G76.  Diagrammatic  longitudinal  section  tlirougli 
two  ova,  showing  their  mode  of  attachment  to 
the  germinal  wall,  and  also  numerous  folds  of 
the  follicle,  which  nourishes  the  developing 
ovum.  In  left  hand  corner  is  a  diagram  of 
an  egg  in  transverse  section,  showing  the 
infolded  follicular  membrane. 


Plate    X. 


Fig.  78.  Diagram  of  median  vertical  section  of  eye.  The 
whole  optic  ganglion  is  drawn  in  order  to  show 
the  relation  of  the  retinal  nerves  to  the  retina 
and  ganglion.  The  small  figure  on  the  left 
shows  the  outer  segment  of  the  lens,  from  the 
surface  which  rests  on  the  cornea.      x  2. 

Fig.  81.  Diagram  of  the  parasite  IJic)/<  tiia  iiiuKcri,  found 
in  the  kidney  fluid  of  Eledone  cirrosu.  Much 
enlarged. 

Fig.  82.  Anterior  region  of  visceral  envelope,  from  inner 
surface,  showing  posterior  membranous  wall 
of  brain  case,  and  various  nerves.      x   |. 

Eye   from   external   surface,    showing   lid    and 
pseudocorneal  membrane,      x   1. 

Median    dorso-ventral    section    through    eyelid 
and  pseudocorneal  membrane.      x   1. 

[a]  Cranial  and  orbital  cartilages,  from  dorsal 
surface,     (b)  The  same,  ventral  view,      x   i. 

A'ertical  section  through  portion  of  the  retina. 

Dorso-ventral    section    through    olfactory    pit, 

much    enlarged,    showing    the    folded    sensory 

wall. 

Fig.   66.      Right  olfactor}' pit ;   mantle  turned  back,      x  1. 
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No.  XIX. 
POLYCHAET   LARVAE   OF   PORT   ERIN. 

BY 

F.   H.  GRAVELY,  M.Sc, 

Junior  Demonstrator  of  Zoology  in  the  Victoria  University  of  Manchester. 

INTRODUCTION. 

Previous  Work   upon   Polychaet  Larvae  of  the 
L.M.B.C.  District. 

There  appear  to  be  only  two  papers  which  touch 
upon  this  subject.  Mr.  Chadwick  (1899)  has  recorded 
tlie  tubieolous  post-larval  stage  of  Pectin  aria  and  also 
the  larvae  of  several  other  Polychaets ;  some  of  the  latter 
are  figured,  but  none  identified.  Mr.  Hornell's  account 
of  the  L.M.B.C.  Polychaeta  (1891)  includes  a  "  Note  on 
the  Embryology  of  Arenicola  and  Scoloplos."  It  would 
appear,  however,  from  the  foot-note  to  p.  314  of  Vol.  II. 
of  the  Cambridge  Natural  History  that  the  egg-capsules 
and  larvae  here  refe*rred  to  as  those  of  Arenicola  are  now 
known  to  belong  to  a  Phyllodocid — Phyllodoce  maculata 
according  to  Hornell  himself ;  Eulalia  viridis  according 
to  some  others.  Hornell's  figures  of  these  larvae  strongly 
siiggest  that  the  tuft  of  apical  cilia  that  he  describes 
represents  in  reality  the  *'  hook  "  of  cilia  characteristic 
of  Phyllodocid  larvae :  and  they  closely  resemble 
Mcintosh's  figures  of  tlie  larvae  of  Phyllodoce  tnacidata 
(Mcintosh:  1869). 
pp 
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Material  and  Methods. 

The  larvae  which  form  the  subject  of  the  present 
paper  may  all  be  obtaii)ed  at  Port  Erin  during  July: 
but  the  observations  recorded  were  commenced  in  1907 
about  the  middle  of  Tune,  and  in  1908  were  continued 
durins:  the  early  part  of  Aug'ust. 

All  the  species  have  been  obtained  in  the  bay,  for  the 
most  part  just  inside  the  breakwater  or  further  out 
towards  the  cliffs  opposite  the  Biological  Station.  Tow- 
nettings  were  also  taken  one  evening  between  Aldrick 
Bay  and  the  Calf  Island,  but  the  catch  contained  just  the 
same  Polychaet  larvae  as  those  from  within  the  bay. 

A  simple  bolting-silk  tow-net  (mesh  94),  usually  sunk 
some  distance  (probably  nbont  3  fathoms)  below  the 
surface,  was  used  to  obtain  the  plankton  which  was  either 
fixed  in  the  boat  or  taken  up  to  the  laboratory  and 
examined  immediately  in  the  living  condition  ;  none  of 
the  larvae  were  reared  in  the  aquarium.  T^otes  and 
rough  sketches  of  the  living  larvae  were  made  in  the 
laboratory,  and  from  these  and  stained  microscopical 
preparations  the  following  descriptions  and  tigures  have 
been  drawn.  In  some  instances  use  has  also  been  made 
of  sections  to  determine  doubtful  points. 

"Whilst  examining  the  living  larvae  I  endeavoured  to 
obtain  measurements  of  their  cilia. '  This  was  rendered 
extremely  difficult  both  by  their  great  activity  and  their 
frequently  oblique  position  or  curvature.  The  measure- 
ments given  must  therefore  be  regarded  as  approximate 
only.  In  the  case  of  cilia  projecting  obliquely  from  the 
body,  I  have  endeavoured  to  ascertain  the  length  of  the 
cilia  iind  not  tlu-  perpendicular  distance  of  theii-  distal 
ends  from  the  body,  a  measui-emcnit  that  may  easily  be 
taken  to  represent  their  actual  lenglli  as  long  as  they  are 
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actively  in  motion.  Though  only  approximate,  these 
figures  will,  I  think,  convey  a  better  idea  of  the  relative 
lengths  of  various  cilia  than  could  be  obtained  from  the 
constant  use  of  such  vague  comparative  terms  as  "  long," 
"  medium,"  and  "  short." 

This  paper  can  only  claim  to  give  a  preliminary 
account  of  the  lai-vae  it  describes ;  as,  however,  many  of 
these  larvae  have  not  been  described  before,  and  as  no 
systematic  account  of  British  Polychaet  larvae  has  yet 
been  attempted,  even  for  such  a  limited  area  and  part 
of  the  year  as  Port  Erin  Bay  during  the  month  of  -Tuly, 
it  seems  advisable  to  publish  it  in  its  present  form,  and 
to  leave  the  obvious  gaps  in  some  of  the  accounts  to  be 
filled  in  as  opportunity  presents  itself.  I  have 
endeavoured  by  references  to  previous  work  on  the 
subject  to  indicate  briefly  the  nature  an(J  extent  of  the 
variability  of  larvae  within  each  of  the  families  dealt 
with,  and  their  complete  life-histories  as  far  as  they  are 
at  present  known. 

I  should  like  to  express  my  thanks  to  Prof.  Hickson 
for  nominating  me  to  the  Manchester  University  table  in 
the  laboraton,^  at  Port  Erin  during  the  times  I  was 
collecting  the  material  described  below ;  also  to  Prof. 
Herdman  for  very  kindly  supplying  me  with  samples  of 
the  plankton  he  collected  from  his  steam-yacht  "  Lady- 
bird "  in  the  large  "  shear-net,"  from  which  it  was  hoped 
— unfortunately  in  vain — ^that  there  might  be  obtained 
later  stages  of  Polychaet  larvae  than  those  caught  in  the 
ordinary  small  tow-nets ;  and  finally  to  Mr.  Chadwick  for 
many  valuable  suggestions,  and  ready  help  in  many  ways. 
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DESCRIPTIONS      OF      THE      L  A  R  A^  A  E  . 
I.— NEREIDIFORMIA. 

Syllid.k. 

Three  species  of  undoubted  Syllid  larvae  have  been 
found.  As  these  closely  resemble  each  other  in  general 
features,  they  may  be  treated  together  and  distinguished 
when  necessary  as  Syllids  A,  B,  and  C  respectively.  It 
is  impossible  to  determine  even  the  genus  of  any  one  of 
them. 

Metatrochophore  .* — Two  specimens  (one  of 
sp.  A,  the  other  of  sp.  C)  are  in  the  second  metatrocho- 
phore stage,  but  I  have  not  had  the  opportunity  of 
examining  them  alive.  Xo  earlier  stage  than  this  has 
been  seen.  These  two  larvae  are  pear-shaped  (about 
'550/u  long  by  250//  maximum  diameter),  with  the  proto- 
troch  (or  "  preoral  "  ciliated  band)  in  the  position  of 
greatest  breadth.  There  is  a  narrow  ciliated  tract  round 
the  mouth ;  and  the  akrotroch  and  one  pair  at  least  of  the 
eyespots  seen  in  living  specimens  of  the  Xectochaeta  of 
species  A  are  probably  also  present,  in  that  species  at 
any  rate.t 

*  The  technical  terms  commonly  adopted  in  describing  tho  different 
stages,  larval  organs,  etc.,  found  during  the  development  of  Annelids 
are  those  defined  by  Hacker  (1897,  pp.  74-76).  Most  of  these  terms 
require  no  alteration  to  render  them  suitable  for  Engli.sh  use  :  the 
term  "  Zwischenparatroch "  has,  however,  been  replaced  by 
"  Interparatroch,"  and  the  term  "  Endparatroch  "  by  the  less 
awkward  and  equally  well  known  term  "  Telotroch."  In  addition  to 
the  terms  defined  by  Hiickir  1  have  found  it  convenionl  to  distinguish. 
with  Clapar^de  (18G3,  p.  87),  between  amphitrochal,  nototroehal  and 
gastrotrochal  segmental  ciliated  bands  according  to  whether  they 
completely  encircle  the  body  or  are  confined  to  the  dorsal  or  to  the 
ventral  surface.  In  addition  1  have  used  the  term  "  Neurotroch  "  to 
designate  the  longitudinal  ciliated  tract  frequently  found  between 
the  mouth  and  anus.  Definitions  of  all  these  terms  will  be  found  in 
my  "  Studies  on  Polychaet  Larvae"  (Gravely,  1909.  pp.  ^gT-COO). 

t  See  footnote  to  Nect(jchaeta  stage  below. 
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Only  the  five  primarv  segments  are  present,  but  of 
these  the  last  three  bear  appendages,  even  in  the  younger 
specimen  (sp.  C);  whilst  in  the  other  fsp.  A  :  PI.  I.,  tig.  1) 
the  first  (peristomial)  segment  bears  on  each  side  a  lobe 
representing  its  dorsal  cirrus;  the  second  bears  two 
similar  lobes,  representing  respectively  the  single  ramus 
of  the  parapodium,  and  its  dorsal  cirrus;  the  third  bears 
a  similar  rudimentary  dorsal  cirrus,  but  a  distinct 
chaetigerous  parapodial  ramus ;  the  fourth  a  still  longer 
parapodium ;  and  the  fifth  a  parapodium  somewhat 
shorter  than  that  of  the  fourth  segment. 

y  e  c  t  o  c  h  a  e  t  a  . — This  stage  may  be  said  to  begin 
in  the  Syllidae  with  the  development  of  the  parapodia  of 
the  anterior  secondary  segments.  During  this  develop- 
ment the  ventral  peristomial  cirri  appear,  together  with 
the  ventral  cirri  of  the  anterior  chaetigerous  segments, 
the  cephalic  tentacles,  and  palps ;  whilst  the  dorsal 
peristomial  cirri  increase  in  length. 

The  prototroch,  in  species  ^4  at  least,  is  still  used  for 
swimming,  whilst  the  parapodia  are  used  for  crawling 
whenever  swimming  is  impeded.  The  setae  are  very 
long,  and  can  be  almost  entirely  withdrawn  into  the  para- 
podium. The  prototroch  is  complete,  an.d  consists  of  two 
rows  of  cilia*  (PI.  I.,  fig.  1} ;  those  of  the  anterior  row  are 
70/u  in  length,  those  of  the  posterior  bOfx.  The  mouth  is 
lined  with  shorter  cilia,  and  an  akrotroch — a  tuft  or  row 
of  cilia  between  the  prototroch  and  the  apical  plate — is 
present  in  the  form  of  a  median  ventral  tuft  of  cilia  20/« 
in  length,  situated  just  in  front  of  the  prototroch  in  the 
hollow  between  the  umbrella  and  the  apical  region  of  the 

- 1  have  since  been  able  to  distinguish  in  a  Syllid  Metatrochophoie 
(? SyUid  B)  a  row  of  verj-  short  cilia  anterior  to  these,  as  in  Polyno'e. 
These  two  rows,  therefore,  correspond  to  the  posterior  two  rows  of 
equal  cilia  in  Polyno'e,  which  they  further  resemble  in  that  one  row 
is  held  directed  forwards  and  the  other  backwards.  This  larva  bore 
three  pairs  of  eyespots  and  a  tuft  of  akrotrochal  cilia  '20 /x  long. 
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larva.       No    cilia    have    been    detected    upon    an}'    other 
segment. 

The  larva  is  transparent  and  almost  colourless  except 
for  material  in  the  gut,  two  pairs  of  opaque,  dark  brown 
or  black  eyespots  on  the  dorsal  surface  of  the  pro- 
stoinivim,  and  traces  of  opaque  ])igment  on  the 
prostomium  and  on  the  posterior  surface  of  the  anal 
segment. 

Syllid  A  (PI.  I.,  tigs.  1  and  2).— This,  the  most 
plentiful,  is  characterised  by  the  setae  shown  in  fig.  2; 
one  of  the  simple  (anterior)  and  four  or  five  of  the 
compound  setae  occur  in  each  tuft.  Anal  styles  are 
present  in  every  specimen,  being  indicated  even  in  the 
Metatrochophore  shown  in  PI.  I.,  fig.  1. 

In  the  oldest  specimen  obtained  there  are  seven 
chaetigerous  segments,  the  parapodia  of  the  first  of  these 
still  being  shorter  than  those  of  the  segment  immediately 
behind  them  ;  both  dorsal  and  ventral  cirri  are  present  on 
every  parapodium,  the  dorsal  at  its  base,  the  ventral 
about  half  way  along  it ;  the  dorsal  cirrus  is  larger  than 
the  ventral.  The  two  pairs  of  peristomial  cirri  are  both 
present,  the  dorsal  being  about  100/i  long,  and  the  ventral 
rather  less  than  half  that  length ;  the  dorsal  pair  are 
very  slender,  and  transparent  distally.  There  is  no  trace 
of  cephalic  tentacles  or  palps.  In  one  Nectochaeta  of  this 
species  a  stout  aciculum,  slightly  curved  distally,  is 
embedded  in  the  tissues  at  the  base  of  the  peristomial 
cirri. 

Syllid  B  (PI.  L,  fig.  -i). — This  species  is  characterised 
by  the  presence,  in  each  tuft  of  setae,  of  two  simple 
capillary  setae,  one  shorter  and  more  slender  than  the 
other,  and  several  compound  ones,  the  latter  each  with  a 
long  filiimentous  disi;i]  scgnieni  (PI.  I.,  fig.  ■]). 

The  two  youngest  lai-vae  seen  both  possess  five  pairs 
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of  parapodia,  and  are  500 ai  in  length  by  150//  in  breadth.. 
Though  possessing  fewer  segments  than  the  oldest 
specimen  of  Syllid  A  described  above,  the  tentacles  and 
dorsal  cirri  are  much  more  fully  developed ;  all  three 
cephalic  tentacles  are  present,  though  very  short — the 
median  one  especially  so.  A  pair  of  broad,  but  slightly 
developed,  lobes,  situated  at  the  sides  of  the  head  imme- 
diately in  front  of  the  prototroch,  represent  the 
developing  palps. 

The  dorsal  peristomial  cirri  are  longer  than  the 
ventral,  but  shorter  than  the  dorsal  cirri  of  the  second 
(first  chaetigerous)  segment,  which  likewise  exceed  in 
length  those  of  the  succeeding  segments.  As  in  Syllid  A, 
however,  the  rami  of  the  parapodia  of  the  second  segment 
are  shorter  than  those  of  the  third.  The  parapodia  of  the 
fourth  and  succeeding  segments  only,  each  bear,  close  to 
their  distal  extremities,  a  short  ventral  cirrus.  Anal 
styles  are  not  present,  but  may  have  been  shed  at  death. 

The  only  other  larva  of  this  species  that  has  been 
seen  is  much  longer  in  proportion  to  its  breadth,  on 
account  of  the  presence  of  two  additional  segments  which 
have  developed  unaccompanied-  by  any  increase  in 
breadth.  The  parapodia,  with  their  dorsal  cirri,  are 
shorter  than  in  the  younger  specimens,  probably  through 
contraction;  their  lengths  relative  to  each  other,  how- 
ever, remain  the  same,  with  the  parapodia  of  the  first 
chaetigerous  segment  shorter  than  those  of  the  second. 
The  ventral  cirri  are  slightly  more  developed  than  in  the 
younger  larvae,  and  are  still  absent  from  the  first  two 
pairs  of  chaetigerous  appendages.  Anal  styles  are 
present  and  of  considerable  size. 

Syllid  C  (PI.  I.,  fig.  4).  Only  a  single  specimen  has 
been  found,  and  that  in  an  earlier  stage  than  any  of  the 
other  Syllid  larvae.     It  is  characterised  by  the  rounded 
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end  of  the  proximal  segmont  of  its  compoiiiul  setae  fPl.  I., 
fi^.  4,  B),  tliis  beiii^  pointed  in  tlie  other  two  species  ; 
bv  the  form  of  the  distal  segment  of  these  setae  (PI.  I., 
fig.  4,  B);  and  by  the  form  of  the  simple  setae  (PI.  1., 
fig.  4.  A),  whicL  occur  one  in  each  bunch. 

Three  pairs  of  parapodia  only  are  present,  the  first 
two  segments  being  as  yet  in  no  way  recognisable 
externally.  These  three  pairs  of  parapodia  (belonging  to 
segments  3-5)  scarcely  project  at  all  as  lobes  from  the 
sides  of  the  bodj-,  but  each  bears  a  tuft  of  well-developed 
setae. 

:\Iahi(iuin  (18!i:5,  pp.  389-426)  has  fully  described  and 
figured  the  development  of  Autolytus  edicardsi  and 
Eusyllis  iiwniJicorins ;  and  in  less  detail,  that  of  Syllis 
hyalina,  Gruhea,  Ea'ogonc,  and  a  few  other  forms.  His 
larvae  are  all  of  the  same  general  type  as  the  three 
described  above,  but  differ  from  them  in  important 
specific  characters.  He  finds  that  those  larvae  in  which 
the  early  developmental  stages  are  most  slowly  passed 
through  are  polytrochal,  the  cilia  appearing  very  early 
and,  excepting  those  of  the  prototroch,  being  confined  to 
the  dorsal  surface  and»  disappearing  from  before  back- 
wards. In  those  forms,  however,  in  which  the  early 
stages  are  abbreviated  the  cilia  do  not  appeaj-  until  a  later 
period,  and  then  only  on  the  head  and  posterior  segments. 
Finally,  in  extreme  cases,  the  cilia  are  not  developed  at 
all.  Some  larvae  of  this  last  type — Kxogone  gemmifera, 
Sjjhaerosyllis  pirifer,  SyUiths  ptdliger  (?),  and  Gruhea 
limbata  ( I") — are  carefully  described  by  Viguier  (1884) ; 
these  larvae  also  conform  to  the  same  general  type  as  the 
other  Syllid  larvae.  Of  this  same  form  also  are  the  four 
species  of  atrochal  larvae  belougiiig  to  the  tribe  Exogoneae 
and  the  polytrochal  Odontoayllis  larva  described  and 
figured  by  l)e  Saint-loseph  (1886:  PI.  X.,  figs.  76,  78-80, 
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86-91;  and  PL  VIII.,  fig.  40).  A  slightly  dii3:ereut  form 
of  larva  has,  however,  been  described  by  Korschelt  (189o  : 
pp.  279-285,  PI.  XIII.,  figs.  16-29)  nuder  the  name  of 
"  Harpochaeta  cingulata  "  and  referred  to  the  .Syllidae. 
This  larva  is  polytrochal,  its  appendages  arise  mnch  later 
than  appears  to  be  usual  in  the  Syllidae,  and  it  is  charac- 
terised in  the  later  stages  by  the  presence  of  a  pair  of 
stout  sickle-shaped  bristles  on  every  segment  after  the 
fourth,  and  by  the  deeply  pigmented  anal  segment. 

(?)  Syllid  (PI.  I.,  fig.  5j.— Only  the  first  meia- 
troehophore  stage  of  this  larva  has  been  seen,  and  this 
gives  no  clue  to  its  systematic  position  ;  it  appears,  how- 
ever, to  be  of  the  same  species  as  a  larva  described  by 
Hacker  (1896:  pp.  82-84;  PL  III.,  figs.  6-7)  and  con- 
sidered b}'  him  to  be  probably  a  Syllid.  Only  two 
sjjecimens  have  been  seen,  and  these  were  not  examined 
alive.  The  larva  is  nearly  four  times  as  long  as  it  is 
broad,  and  bears  four  equally  developed  ciliated  bands, 
one  near  each  end  and  the  other  tAvo  a  quarter  and  half 
way  respectively  from  the  anterior  to  the  posterior  band 
(PL  I.,  fig.  5j.  The  maximum  breadth  of  the  larva 
occurs  between  the  second  and  third  bands,  there  being 
no  umbrella.  Hacker  figures  a  pair  of  eyespots  in  front 
of  the  anterior  ciliated  band  in  his  larva.  Xo  setae  are 
present. 

Hacker  (1896,  pp.  82-84:  PL  III.,  figs.  (1-7)  describes 
and  figures  this  and  a  later  metatrochophore  stage  of  this 
or  a  very  similar  larva.  The  latter  has  about  fifteen 
segments,  each  containing  a  stout  sickle-shaped  bristle, 
but  bearing  no  projecting  parapodia.  The  eyes  (still  a 
single  pair)  are  larger  than  before,  and  there  is  an 
extremely  large  and  conspicuous  patch  of  pigment  on  the 
anal  segment.  He  considers  that  this  larva  comes  very 
near  to  "  Harpochaeta  cingulata,^'  described  by  Korschelt 
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(1893:  p.  279;  PI.  XIII.,  figs.  16-29),  on  account  of  its 
general  form,  its  polytrocTiy,  tlie  position  of  its  eyespots, 
the  condition  of  its  mid-gut,  its  sickle-sliaped  bristles, 
and  the.  pigmentation  of  its  anal  segment.  Of  these 
characters  the  polytrochal  condition  of  this  larva  appears 
to  me  to  be  a  secondar}^  specialisation,  quite  distinct  from 
the  simple  polytrochal  condition  of  "  Harpochaeta  "  ;  nor 
do  any  of  the  characters  seem  very  conclusive.  Our  form 
is  certainly  very  unlike  any  other  known  Syllid  larva, 
such  as  De  Saint- Joseph's,  as  Hacker  himself  points  out; 
and  although  '"  Harpochaeta  "  may  to  some  slight  extent 
help  to  bridge  the  gap,  the  evidence  that  this  larva  is  a 
Syllid  appears  to  me  to  be  insufficient. 

P0LYNOID.5;.     (PI.  I.,  figs.  15-20.) 

There  appear  to  be  several  species,  belonging  to  one 
or  more  genera  of  the  Polynoidae,  occurring  as  larvae  at 
Port  Erin  during  -hdy.  I  have  not  yet  been  able  to  go 
fully  into  the  difi'erences  between  them,  but  the  following 
account  refers  especially  to  the  commonest  of  these,  and 
with  but  slight  modifications  is  true  of  all. 

Trochophore  . — The  Trochophoi-e  after  fixation 
is  usually  somewhat  longer  than  it  is  broad,  having  a 
length  of  liOO/i  and  a  breadth  of  2-50//  ;  but  during  life 
it  is  of  a  more  nearly  spherical  shape  (PI.  I.,  fig.  1-')). 
The  commonest  form  appears  to  be  of  a  deep  violet  colour, 
on  account  of  the  pigmentation  of  the  walls  of  the 
stomach. 

The  prototroch  consists  of  thi-ee  rows  of  cilia  (PI.  I., 
fig.  I'D,  15a),  which  are  probably  carried  by  three  corre- 
sponding rows  of  cells.  The  cilia  of  the  most  anterior 
row  are  15//  long,  and  sections  .show  that  this  row  is 
situated  slightly  in  front  of  the  olhei-  two,  which  arise 
close   together,   the  cilia  of  one   being  directed  forwards 
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and  those  of  the  other  backwards ;  the  cilia  of  both  these 
rows  are  8Uyu  long. 

The  apical  pole  of  the  larva  bears  a  circlet  of  40i« 
cilia,  and  close  to  this  is  situated  dorsally  a  slight 
thickening  of  the  body-wuU  (PI.  I.,  fig.  15,  T .  med.),  the 
rudiment  of  the  median  cephalic  tentacle.  Between  the 
apical  cilia  and  the  prototroch  an  akrotroch  (PL  I., 
figs.  15,  15a,  Ahr.)  extends  about  half  way  across  the 
ventral  surface ;  of  these  cilia  those  near  the  middle  line 
are  longer  (40//)  than  the  rest  (20/«). 

A  little  in  front  of  and  dorsal  to  the  ends  of  the 
akrotroch  is  situated  a  somewhat  crescentic  eyespot  of  an 
extremely  dark  brown  colour.  The  mouth  opens  below  a 
very  prominent  upper-lip,  along  which  the  prototroch 
extends  (PI.  I.,  tigs.  15,  15a).  On  each  side  of  the  mouth 
there  extend  downwards  and  forwards  from  the  posterior 
border  of  the  prototroch  a  row  of  exceptionally  long 
(150/x)  cilia,  which  are  always  held  straight  and  motion- 
less, with  their  distal  ends  converffing-  (PI.  I.  fig-.  15,  C)\ 
these  cilia  appear  to  be  absent  in  some  species.  Behind 
the  prototroch  a  patch  of  30//  cilia  extends  backwards 
round  the  mouth  over  quite  an  extensive  portion  of  the 
ventral  surface  (PI.  I.,  fig.  15a,  C.  or.).  A  neurotroch 
(cilia  4//  long)  extends  forwards  from  the  anus,  but  does 
not  quite  reach  this  oral  ciliated  area. 

The  deeph^-staining  region  of  the  prostomium  (rudi- 
ment of  the  supra-oesophageal  ganglion — see  Hacker, 
1895,  pp.  258-9)  is  large  (PI.  I.,  tig.  15,  Ant.).  Another 
pair  of  deeply-staining  masses  of  tissue,  meeting  in  the 
middle  line,  extend  on  the  ventral  surface  from  the 
prototroch  to  the  posterior  end  of  the  body,  and  mark  the 
region  of  the  subsequent  development  of  parapodia  and 
ventral  nerve  cord.  The  dorsal  portion  of  the  bodv-waH 
is  thin  and  transparent. 
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The  oesopLajjTUs  is  very  narrow,  and  already  bears  a 
pair  of  little  diverticula  Avhich  ultimately  form  the  thick 
walls  of  the  pharynx.  The  stomach  which  often 
contains  the  skeletal  parts  of  unicellular  organisms — is 
provided  with  a  laro-e  doi-sal  lobe  or  caecum  (PL  I.,  fig'. 
15,  Caec),  and  its  walls  are  thickly  packed  with  minute 
opaque  granules  which  probably  give  them  their  deep 
violet  colour. 

M  e  t  a  t  r  o  c  h  o  p  h  o  re.  —  The  first  metatrocho- 
phore  stage  closely  resembles  the  trochophore,  but  is 
distinguished  by  the  segmentation  of  the  deeply-staining 
tissues  of  the  ventral  surface  behind  the  prototroch.  The 
larva  is,  moreover,  larger  and  two  pairs  of  more  rounded 
eyes  appear,  one  slightly  anterior  and  the  other  slightly 
dorsal  to  the  original  crescentic  pair.  A  very  sbort  row 
of  150//  cilia  can  often  be  detected  along  the  dorsal  side 
of  each  of  the  crescentic  eyes  in  this  and  later  stages ;  I 
have  been  unable  to  find  these  in  the  specimens  of  the 
trochopliore  stage. 

The  Metatrochophore  increases  in  size  and  becomes 
more  pointed  at  the  posterior  end  (PI.  I.,  hg.  IG)  as  it 
passes  into  its  second  phase.  The  peristomial  cirri  appear 
close  togetlier  immediately  behind  the  prototroch;  a  pair 
of  anal  styles  appear  at  the  jiosterior  end ;  and  between 
these,  set  very  close  together,  the  parapodia  of  seven 
chaetigerous  segments  develop.  Each  of  these  shows 
from  the  very  first  recognisable  rudiments  of  all  parts  of 
the  fully  formed  appendage  except  the  dorsal  tuft  of 
setae ;  whilst  the  elytra  of  segments  2,  4,  5,  7  (and  later 
0,  11,  13,  etc.)  are  more  disc-like  than  the  dorsal  cirri  of 
tlie  other  segments  even  at  this  early  stage  (PI.  1., 
fig.  16,  El.).  The  pair  of  diveiticula  of  the  oesophagus 
have  become  inucii  larger,  and  their  A\alls  much  thicker 
than  in  tlic  Trochophore. 
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By  the  end  of  the  metatrochophore  stage  (PI.  I., 
fig.  IT)  the  appendages  of  the  first  eight  segments  have 
all  assumed  their  final  form.  The  parapodia  project  from 
the  body-wall  to  a  distance  of  100 /U  (exclusive  of  the 
setae),  and  the  dorsal  tuft  of  setae  has  made  its  appear- 
ance; the  elytra  are  about  1-30/U  in  diameter.  The  para- 
podia of  the  ninth  segment  are  developing  :  if  is  hard  to 
determine  whether  this  is  a  belated  primaiy  or  precocious 
secondary  segment,  for  although  it  appears  onlj  after  the 
parapodia  of  the  eight  preceding  segments  have  reached 
an  advanced  stage,  yet  it  develops  so  rapidly  that  it  soon 
reaches  the  same  condition,  and  the  parapodia  of  these 
nine  segments  alone  function  throughout  the  uectochaeta 
stage,  towards  the  end  only  of  which  do  any  further 
segments  begin  to  appear. 

Shortly  before  the  end  of  the  metatrochophore  stage 
the  neurotroch  disappears.  In  preparation  for  the  uecto- 
chaeta stage  each  segment  is  slightly  elongated,  so  that 
the  23arapodia  are  less  closely  crowded  and  can  function 
as  organs  of  progression. 

X  e  c  t  o  c  h  a  e  t  a  .The  head  has  begun  to  lose  its 
larval  features :  its  breadth  is  considerably  less  than 
before ;  the  prototroch  gradually  disappears ;  the  akro- 
troch  is  reduced  in  extent  and  becomes  extremely  difficult 
to  distinguish — it  probabh^  consists  of  a  single  pair  of 
minute  tufts  of  cilia  situated  on  the  ventral  surface  near 
the  middle  line,  in  the  angle  formed  between  the  umbrella 
and  the  anterior  pari  of  the  head.  Bv  the  end  of  this 
stage  these  remnants  of  the  akrotroch,  the  pi-ototroch,  the 
ciliated  area  round  the  mouth,  and  the  cilia  by  the 
crescentic  eyespot,  have  completely  disappeared.  The 
three  cephalic  tentacles  and  the  palps  can  now  be  dis- 
tinctly se-en  projecting  from  the  surface  of  the  head — the 
lateral    tentacles    dorsally    over    the    anterior,    the    palps 
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ventrallv  over  the  posterior  ends  of  the  lateral  lobes  of 
the  brain,  and  the  median  tentacle  slightly  in  front  of 
the  lat'eral  ones. 

The  thick-walled  pouches  of  the  oesophagus  coalesce 
to  form  the  muscular  pharynx  in  which  the  rudiments  of 
the  jaws  may  be  recognised  as  chitinous  projections 
(PI.  I.,  hg.  IS).  The  parapodia  of  the  ninth  segment 
have  now  attained  the  full  development  of  their  parts. 
On  the  peristomial  segment  one  or  two  slightly  curved 
and  extremely  stout  serrate  setae  project  between  the 
dorsal  and  ventral  tentacular  cirri,  whilst  the  remaining 
segments  bear  parapodia  with  both  dorsal  and  ventral  tufts 
of  longer  serrate  setae  (PI.  I.,  fig.  20),  of  whioli  the 
ventral  are  longer  and  more  slender  than  the  dorsal. 

A  short  line  of  20^1  cilia  often  occurs  at  this  stage 
on  the  proximal  part  of  either  the  dorsal  or  ventral  surface 
of  the  ramus  of  each  parapodium,  and  sometimes  on  both 
surfaces  ;  similar  cilia  occur  just  in  front  of  the  bases  of 
the  peristomial  cirri.  Hacker  (1896:  p.  Ill,  foot-note  2) 
notes  the  presence  of  intertrochal  cilia  on  the  dorsal  i-ami 
of  the  parapodia  of  his  jVaples  Polynoe  larva.  Rudiments 
of  the  tenth  segment  appear,  but  its  parapodia  remain 
very  small  and  bear  no  setae  during  this  stage,  in  which 
there  is  indeed  very  little  development  in  the  body  region  ; 
and  Hacker  has  already  pointed  out  that  it  is  a  period  of 
comparative  quiescence.  A  median  caudal  appendage, 
20 fJi  long  by  A/jl  broad,  is  now  present. 

Further  development  .  -The  nectochaeta 
stage  of  Folyno'e  is  regarded  as  terminating  soon  after  the 
disappearance  of  the  ciliated  band,  when  the  size  of  the 
head  is  still  further  reduced  and  the  tentacles  and  palps 
lengthen  till  their  final  proportions  are  reached ;  the 
body-segments  elongate  again  and  additional  ones  rapidly 
develop,   so  that,   so  far  as  general  proportions  are  con- 
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cerned,  tlie  worm  becomes  a  small  but  perfectly  normal 
Polynoid  before  abandoning  the  pelagic  habit.  The  cilia 
on  the  parapodia  are  often  found  in  the  very  latest  pelagic 
stages. 

Hacker  described  the  development  of  a  species  of 
Polyno'e  in  1894,  and  published  a  more  complete  and  fully 
illustrated  paper  on  the  same  subject  in  the  following  year 
(1895).  He  described  the  internal  anatomy  as  well  as  the 
external  characters  of  these  larvae,  and  in  general  his 
account  applies  to  the  Port  Erin  species  also.  In  his 
larvae,  however,  there  were  only  seven  primary  segments, 
and  no  segment  developed  between  the  first  appearance  of 
these  and  the  end  of  the  nectochaeta  stage.  The  same 
author  described  and  figured  the  same  ( ?)  species  of 
Polynoe  larva  from  Naples  (1897:  pp.  77-8,  PI.  III., 
figs.  1-2),  and  a  species  with  nine  primary  segments  from 
the  Atlantic  coast  collections  of  the  German  Plankton 
Expedition  (1898:  pp.  8-9,  PI.  I.,  fig.  1). 

De  Saint-Joseph  (1895:  pp.  190-198;  PI.  XI.,  figs. 
15-17  ;  PI.  XII  ,  figs.  25-26)  also  describes  the  metatrocho- 
phore  and  nectochaeta  stages  of  a  Polynoe  with  seven 
primary  segments.  The  larvae  of  Lepidonotus  sqvumatus 
described  by  Fewkes  (1885:  pp.  185-186;  PI.  III.,  figs. 
1-4;  PI.  lY.,  figs.  14-17)  have  only  four  primary  seg- 
ments. The  development  of  Lepidonotus  squamatus^a 
species  recorded  from  the  L.M.B.C.  area — ^has  been 
described  by  Leschke  (1903:  pp.  129-130;  PL  VI.,  fig. 
14;  PL  YII.,  figs.  1-2).  The  Trochophore  is  stated  to 
have  a  violet  pigment  in  the  stomach  walls,  and  a  single 
pair  of  eyes  of  crescentic  shape,  two  other  pairs  appearing 
Liter  just  as  in  the  commonest  Port  Erin  larva.  Further 
development,  however,  shows  the  appearance  of  only  seven 
primar}^  segments ;  and  in  the  specimen  shown  in  fig.  1 
of  his  PL  YII.  one  of  the  three  pairs  of  eyespots  is  situated 
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behind  the  prototroch.  lu  the  late  stage  seen  in  fig.  2  of 
the  same  plate — a  stage  remarkably  like  the  post-necto- 
chaeta  stage  of  the  Port  Erin  larvae — small  tufts  of  cilia 
are  described  as  occurring  at  the  bases  of  the  paired 
cephalic  tentacles  and  palps. 

Mcintosh  (1900:  pp.  ;J21-325 ;  PI.  XXA^Ia,  figs.  3-8, 
10,  and  12)  describes  and  figures  the  pale  greenish  larvae 
of  Harmothoe  imhricata.  He  also  (1900  :  p.  413)  describes 
a  larva,  referred  to  a  species  either  of  Sthenelais  or 
Sigalinn,  with  bluish  anterior  digestive  organs  in  the 
metatrochophore  stage :  whilst  the  larvae  of  Phloe 
minuta  (described  on  p.  441)  and  of  several  unidentified 
species  of  Polyuoidae  (one  described  on  pp.  325-6)  are 
figured  in  the  same  work  on  PI.  XXYIa.  Claparede 
has  also  described  and  figured  Poh'noe  larvae  (1863 : 
pp.  80-81:  PI.  VIII.,  figs.  7-11). 


PllYLLODOClD.E. 

Three  kinds  of  larvae  belonging  to  this  family  have 
been  obtained.  They  all  exhibit  the  same  characteristic 
general  appearance,  but  may  be  distinguished  from  each 
other  by  differences  in  the  setae,  and  species  A  is  of  much 
smaller  size  than  either  of  the  other  two. 
Phyllodocid  A.     J///.v/?V/f.s     (PI.  II.,  figs,  (i-7.) 

T  r  o  (•  li  (I  ])  li  ()  1- e  .  -This  larva  is  very  much  coin- 
moner  (during  J  uly )  tlian  either  of  the  larger  species.  The 
Trochoplioic  is  of  a  ])al('  brown  eolour  and  is  extra- 
ordinarily contractile.  AVhen  fully  extended,  the  region 
in  fi-ont  of  the  piototroch  is  slightly  longer  than  the 
region  behind  it,  and  the  outline  is  roughly  elliptical 
(PI.  II.,  fig.  6);  when  Fully  contracted  the  larva 
becomes    broader    than    it    is    hmg,    the    transverse    axis 
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changing  from  80  to  100 //,  and  the  longitudinal  axis  from 
160  to  80//.* 

The  prototroch  is  probably  double,  with  an  anterior 
row  of  short,  and  a  posterior  row  of  long  cilia,  though  as 
this  was  not  investigated  until  after  the  troehophore  stage 
had  disappeared  from  the  plankton,  I  can  only  describe 
it  as  such  with  certainty  at  a  later  stage ;  the  long  cilia 
are  100/x  in  length.  In  the  largest  Trochophores  an  eye- 
spot  of  red  pigment  is  present  on  each  side  of  the  pros- 
tomium,  slightly  on  the  dorsal  surface,  but  I  have  been 
unable  to  find  any  cilia  such  as  those  described  by  Hacker 
1896:  pp.  84  and  85;  PI.  III.,  figs.  8-9)  just  behind  the 
eyes  of  his  Phyllodocid  larvae.  Almost  on  a  level  with 
the  eyes  there  is  situated  on  the  ventral  surface,  but 
apparently  not  always  in  the  middle  line,  the  "  hook  "  of 
cilia  stated  by  Hacker  (1896  :  p.  84)  to  be  characteristic 
of  Phyllodocid  larvae.  These  cilia,  (PI.  II.,  fig.  6; 
Med.  Hh.)  are  25j«  long,  but  amongst  them  are  a  number 
of  shorter  cilia  (15 //  long)  forming  the  posterior  end  of 
the  median  piece  of  a  T-shaped  akrotroch  (PI.  II.,  fig.  6; 
Akr).  The  paired  "  hooks  "  of  cilia  present  in  species  C 
have  not  been  seen  in  larvae  of  the  present  species,  in 
which,  however,  the  details  of  the  akrotroch  are  extremely 
difficult  to  make  out.  A  scanty  tuft  of  short  straight 
cilia  7/i  in  length  is  situated  at  the  apex  of  the  pros- 
tomium. 

The  mouth  is  situated  unusually  far  behind  the  proto- 

•■■  There  is  some  reason  to  belie%-e  that  "  PJn/Uodocid  A  "  as  described 
here  really  includes  two  species.  The  first  Trochophores  found  were 
slightly  larger  and  more  deeply  pigmented  than  those  from  which  these 
measurements  were  taken  and  which  were  first  noticed  on  the  following 
day.  At  the  time  I  attributed  this  to  the  latter  having  appeared  in  the 
bay  in  a  younger  stage  than  any  previously  examined ;  but  as  there 
appear  to  be  also  two  slightly  dissimilar  types  amongst  the  older 
larvae,  I  am  now  inclined  to  attribute  these  differences  to  a  difierence 
of  species.  The  smaller  type  of  Troehophore  lacked  the  pair  of 
eyespots  that  was  present  in  the  lai'ger. 

QQ 
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truck,  and  is  lined  with  cilia  ;  these  cilia  are  all  cnrved 
inwards  towards  the  oesophagus,  and  are  not  continuous 
with  the  longer  cilia  of  the  prototroch ;  they  are,  how- 
ever, continuous  with  a  neurotroch,  the  cilia  of  which  are 
only  10 /i  long.  This  neurotroch  is  in  the  form  of  a 
narrow  median  band,  as  in  many  other  larvae,  for  the 
anterior  third  of  its  extent,  but  broadens  out  further  back 
into  a  somewhat  diamond-shaped  tract,  as  shown  in 
PL  II.,  fig.  G  (Xfr.).  The  posterior  angle  of  this  tract  is 
extended  to  the  anus,  which  is  closely  surrounded  by 
short  cilia  similar  to  those  of  the  neurotroch.  The  true 
telotroch — though  frequently,  if  not  always,  present — is 
also  of  very  short  cilia ;  it  does  not  completely  encircle 
the  body,  there  being  a  ventral  break  in  its  continuity, 
the  neurotroch  extending  through  this  without  coming 
into  contact  with  the  telotroch. 

The  preoral  (ganglionic)  and  postoral  (subsequently 
segmented)  deeply-staining  cell-masses  are  much  less 
conspicuous  in  these  Trochophores  than  in  those  of 
Polynoe,  and  are  very  much  smaller  in  the  earlier  than 
in  the  later  phases  of  this  stage. 

Metatrochophore.  —  The  first  metatrocho- 
phore  stage  closely  resembles  the  trochophore,  but 
becomes  somewhat  larger,  and  the  postoral  deeply- 
staining  cell  masses  are  divided  transversely  into 
segments,  of  which  the  anterior  are  differentiated  a  little 
before  the  posterior.  Although  the  segments  thus  appear 
in  succession,  it  is  possible  to  distinguish  the  seven  that 
appear  during  the  metatrochophore  stage  as  primary 
segments,  for  their  appendages  reach  an  advanced  state 
of  development  before  any  others  are  added.  Veiy 
shortly  after  the  appearance  of  segmentation,  the 
appendages  of  these  seven  pi'imary  f?egments  develop,  and 
with  this  the  second  metatrochophore  stage  commences. 
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Tlie  peristomial  segment  bears  a  single  pair  of  tentacular 
cirri;  tlie  second  segment  bears  two  pairs  and  a  tuft  of 
setae;  and  tlie  remaining  five  segments  bear  uniramous 
chaetigerous  parapodia,  the  first  pair  of  tliese  witli  a 
minute  ventral,  but  no  dorsal  cirrus,  and  the  rest  with 
both  a  small  dorsal  and  a  small  ventral  cirrus.  A  pair  of 
almost  spherical  anal  styles  develop  at  about  the  same 
time  as  these  parapodia,  and  also  the  two  pairs  of  cephalic 
tentacles,  which  appear  close  to  the  anterior  end  of  the 
prostomium  (as  seen  in  PI.  II.,  fig.  T,  of  the  nectochaeta 
stage)  as  extremely  transparent  conical  outgrowths,  about 
40y«  long. 

The  akrotroch  with  its  unpaired  "  hook "  is  still 
present,  its  lateral  extensions  reaching  very  nearly  to  the 
cephalic  tentacles.  ,  Two  pairs  of  eyes  are  now  present, 
one  pair  being  smaller  and  slightly  behind  and  on  the 
inner  side  of  the  other,  and  embedded  somewhat  deeply 
in  the  tissues.  The  neurotroch  and  telotroch  disappear 
before  the  end  of  the  metatrochophore  stage ;  but  inter- 
paratrochal  cilia  appear — first  on  the  ventral  surface  in 
tufts  (10/x  long],  one  below  the  base  of  each  parapodium, 
and  finally  as  complete  amphitrochs  (cilia  50//  long). 
The  prototroch  is  still  at  the  height  of  its  development, 
and  consists  of  an  anterior  row  of  short  and  a  posterior 
row  of  long  cilia.  At  the  end  of  the  metatrochophore 
stage  the  larva  is  500/«  long  by  250//  broad;  behind  the 
seven  primary  segments  an  unsegmented  region  occupies 
about  one-tenth  of  the  entire  length  of  the  larva. 

]Vectochaeta  . — The  chief  external  changes  that 
appear  to  take  place  during  the  remainder  of  the  pelagic 
life  of  the  larva  are  the  development  of  additional 
segments  from  the  anterior  end  of  the  anal  unsegmented 
region,  and  the  disappearance — shortly  after  this  process 
has  begun — of  the  akrotroch  and  oral  cilia.     Internally 
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the  pliaryux  becomes  lirst  clearly  recognisable  at  Ibis 
time;  it  is  formed  from  a  pair  of  pocket-like  outgrowths 
of  the  oesophagus,  as  in  Polynoe,  but  these  only  appear 
as  thickenings  of  the  wall  of  the  oesophagus  in  whole 
mounts,  and  can  rarely  be  seen  at  all  until  after  the 
trochophore  stage.  The  oldest  larva  obtained  is  in  the 
fixed  and  slightly  contracted  condition  800//  long  by 
150/i  average  breadth ;  twelve  iutertrochal  segments  are 
present — their  appendages  bear  slightly  larger  cirri  than 
did  those  described  in  the  previous  stage.  The  dorsal 
cirri  are  more  conical  than  foliaceous,  but  are  stouter 
than  the  ventral.  The  setae  are  all  jointed,  and  of  the 
type  shown  in  PL  II.,  fig.  Tc/ :  they  are  extremely 
transparent  in  balsam,  and  their  exact  shape  is  therefore 
very  difficult  to  determine.  The  prototroch  is  still 
present,  but  the  akrotroch  and  oral  cilia,  and  probably 
also  the  interparatrochs,  have  disappeared.  Only  a  single 
pair  of  eyes  is  present  in  this  specimen ;  these  are  situated 
upon  the  dorsal  surface  of  the  head,  and  are  dark  brown 
and  very  opaque ;  by  very  strong  transmitted  light  they 
are  seen  to  be  of  a  somewhat  purplish  brown  colour.  The 
pharynx  is  clearly  marked,  and  joins  the  intestine 
between  the  fifth  and  sixth  segments. 

The  four  pairs  of  tentacles  and  three  pairs  of 
tentacular  cirri  show  that  this  species  belongs  to  the 
genus  Mystides,  Theel ;  whilst  the  arrangement  of  the 
tentacular  cirri  on  the  first  two  segments  only  is 
characteristic  of  the  sub-genus  Mesomystides,  Cziernavsky. 
It  is  thus  separated  from  Mysfidef!  liz'zine  (the  only  species 
of  Mystide.H  recorded  by  Mcintosh  in  his  ^fonograj)!!  of 
British  Annelids)  Avhich  belongs  to  \\\v  sub -genus 
Promystides,  with  one  pair  of  tentacular  cirri  on  each  of 
the  first  three  seerments. 
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Phyllodocid  B.— ?  Eul alia— (PL  II.,  figs.  8-9.) 

I  Lave  uiily  been  able  to  examine  one  specimen — a 
Xectocbaeta — of  this  larva  alive.  In  order  to  avoid 
confusion,  all  three  stages  will  be  first  described  from 
preserved  specimens  only,  and  the  additional  features 
seen  in  the  one  living  specimen  added  at  the  end. 

The  two  oldest  (mounted)  specimens  show  the 
characteristic  appendages  of  a  Phyllodocid,  and  another 
(a  Metatrocliojjhore)  is  undoubtedly  a  younger  form  of 
the  same  species  as  these,  although  no  specially  Phyllo- 
docid features  are  visible.  The  remaining  (mounted) 
specimen  is  a  Trochophore,  which  shows  a  clear  yellow 
pigmentation  of  the  periphery,  especially  at  the  apical 
pole.  The  youngest  of  the  three  older  larvae  shows  this 
clear  yellow  pigmentation  in  places,  though  not  so  exten- 
sively; the  two  jN^ectochaetae,  like  all  other  larval  Poly- 
chaets  obtained  (excepting  some  of  the  Trochophores  of 
the  smaller  species,  "  Phyllodocid  A  "),  show  no  trace  of  it 
Avhatever:  as,  in  addition,  there  is  a  general  similarity  of 
structure  between  the  Metatrochophore  and  this  Trocho- 
phore, and  as  the  large  size  of  the  latter  closely 
approximates  to  what  would  be  expected  of  the  trocho- 
phore stage  of  the  former,  it  seems  reasonable  to  refer 
them,  provisionally  at  least,  to  the  same  species. 

[T  r  o  c  h  o  p  h  o  r  e  . — The  Trochophore  thus  referred 
to  is  roughly  spherical  in  shape,  but  its  apical  pole 
is  somewhat  flattened.  Its  greatest  diameter  is  ooO//. 
The  prototroch  is  strongly  developed,  and  sitiiated 
slightly  above  the  equatorial  plane.  The  mouth  is 
surrounded  by  much  shorter  cilia.  Paired  anterior 
(ganglionic)  and  posterior  (subsequently  segmented) 
masses  of  deeply-staining  tissue  are  present,  and  some- 
what more  conspicuous  than  in  the  Trochophores  of 
Phijllodocid  A  \    probabl}'  each  of  the  ganglionic  masses 
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already  bears  an  eye,  biit  these  cannot  be  at  all  clearly 
distinguished  in  the  monnted  specimen.  Lateral  (pocket- 
like ?)  thickenings  of  the  oesophageal  walls  (rudiments  of 
the  thick-walled  pharynx)  are  already  present.  The  walls 
of  the  stomach  are  quite  free  from  opaque  granules,  no 
food  being,  however,  discernible  in  any  part  of  the  gut.] 

Metatrochophore  1 1. — The  only  Metatro- 
chophore  seen  already  bears  rudimentary  parapodia 
(PI.  II.,  fig.  8).  It  is  OoOyu  in  length,  and  lias  a 
maximum  diameter  of  450//,  which  now  coincides  with 
the  position  of  the  yellowish  prototroch;  the  periphery 
in  front  of,  and  to  a  less  extent  also  behind,  this  band 
shows  a  yellowish  coloration,  but  not  nearly  so  con- 
spicuously as  in  the  Trochophore.  The  preoral  lobe 
bears  a  pair  of  conspicuous  eyes  on  its  dorsal  surface. 
The  mouth  is  still  surrounded  by  cilia  (PI.  II.,  fig.  8, 
C.  or.) ;  but  the  thickenings  of  the  walls  of  the  oesophagus 
have  fused  together  in  the  middle  line  in  front  of  the 
mouth. 

Four  pairs  of  tentacular  cirri  are  present  (one  pair 
peristomial,  two  belonging  to  the  second  segment,  and 
the  fourth  borne  dorsal  to  the  ramus  of  the  first 
chaetigerous  segment) ;  they  are  all  of  about  the  same 
length  (350ju).  About  ten  further  segments  and  a 
posterior  unsegmented  region  are  recognisable,  each  of 
the  first  six  of  these  segments  being  provided  with  a  short 
slender  seta — either  a  simple  capillary  or  the  distal  end 
only  of  a  partially  exposed  jointed  seta.  Broad  lobes, 
one  above  each  chaetigerous  lobe,  represent  the 
ultimately  foliaceous  dorsal  cirri ;  anal  styles  are  repre- 
sented by  short  lobes  originating  behind  a  narrow 
telotroch. 

Nectochaeta  . — The  last  stage  of  this  lai'va 
('that    was    scon)    shows    an    increase    in    IcngUi    to    about 
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1,000//,  partly  owing  to  the  elongation  of  tlie  segments 
already  formed,  partly  to  growth  in  the  region  of 
segment-formation ;  these  specimens,  however,  appear  to 
be  less  contracted  than  the  Metatrochophore.  The  whole 
of  the  body  is  now  segmented,  though  the  two  last 
segments  (the  fourteenth  and  the  anal)  do  not  bear 
parapodia.  The  remaining  segments,  however,  especialh* 
those  nearer  the  anterior  end,  bear  appendages  which 
show  all  the  characteristics  of  those  of  the  adult — 
foliaceous  large  dorsal  and  smaller  ventral  cirri,  and  a 
ramus  bearing  a  tuft  of  jointed  setae  of  the  type  shown 
in  PL  II.,  fig.  9.  In  some  of  the  tufts  a  single  capillar\' 
seta  appears  to  be  present  also,  but  I  have  been  unable 
to  distinguish  with  absolute  certainty  between  this  and 
the  appearance  presented  by  the  narrow  edge  of  an 
unusually  long  distal  segment  of  a  comj)ound  seta,  whose 
proximal  segment  is  entirely  embedded  in  the  ramus  of 
the  parapodium. 

The  four  tentacular  cirri  of  the  first  three  segments 
have  developed  unequally,  those  on  the  peristomial 
segment  and  the  ventral  pair  on  the  second  segment  being 
now  shorter  than  the  other  two  pairs.  The  ventral  cirri 
of  the  third  segment  are  not  tentacular  like  the  dorsal 
ones,  but  resemble  those  of  the  succeeding  segments. 

The  prototroch  is  still  conspicuous,  and  the  telotroch 
rather  more  strongly  developed  than  in  the  previous 
stage. 

The  pharynx  has  almost  assumed  its  ultimate 
character.  The  eyes  are  very  conspicuous.  Of  cephalic 
tentacles,  one  pair  is  visible  projecting  sideways  from  the 
anterior  end  of  the  head  ;  these  are  short,  slender,  and 
very  transparent,  so  it  is  probable  that  a  second  pair  is 
also  present  (as  in  the  Jiving  specimen  about  to  be 
described)  obscured  from  sight  by  the  tissues  of  the  head. 
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Features  of  t  li  e  living  N  €  c  t  o- 
c  h  a  e  t  a  . — Tke  gut  was  of  a  clear  green  colour,  and  full 
of  globules  of  some  (nutritive  ?)  substance.  The  external 
tissues  "were  brownish  and  more  opaque,  the  anal  segment 
being  distinctly  darker  than  the  rest. 

The  prototroch  consisted  of  long  cilia  80//  in  length 
- — possibly  there  are  shorter  cilia  as  well.  The  cilia  of 
the  telotroch  were  (JO/u  h)ng,  and  a  complete  amphitrocli 
of  Idfi  cilia  encircled  every  segment  in  a  plane  just 
behind  the  equatorial. 

Two  pairs  of  cephalic  tentacles  were  present,  one 
pair  situated  slightly  anterior,  and  the  other  slightly 
ventral,  to  the  eyes;  they  were  short  and  transparent; 
no  median  tentacle  could  be  distinguished.  There 
appeared  to  be  an  akrotrocli  between  the  ej'es,  but  this 
could  not  be  seen  at  all  distinctly. 

Except  for  the  absence  of  the  median  cephalic 
tentacle,  these  jN^ectochaetae  closely  resemble  Eulalia 
(Euniida)  Honguinea,  a  species  that  has  been  found  at 
Port  Erin  in  a  condition  of  sexual  maturity  at  about  the 
time  Avlien  these  'larvae  occur,  and  to  wliicli  tliey  may 
belong:  for  although  the  median  tentacle  is  one  of  the 
distinguishing  characters  of  the  genus  Eidalia,  it  is 
conceivable  that  it  might  not  develop  uiiti]  a  hiter  stage. 

Phyllodocid  C — Only  a  single  larva  of  this  species 
was  obtained.  This  has  eleven  pairs  of  parapodia;  and 
now  that  the  larva  is  fixed,  the  ramus  of  each  para- 
pf)dium  is  about  twice  the  length  of  the  thick  conical 
dorsal  and  ventral  cii-ri.  In  species  //,  ^^•hi(•h  it 
resembles  in  si/.e,  the  cirri  project  beyond  the  ramus  in 
fixed  specimens.  No  tentacular  cirri  are  piesent,  and 
the  hrst  pair  of  cluu't  igerous  aj)pendages  appear  lo  belong 
Id  llic  pcnsiniiijii  1  M'^iiiriil,  cliaiacici',--  wliicli  >('|):ir;ilr 
tins  foiiH  lioni  ;ill  other  J'li yllodocids  known  lo  inc.      The 
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setae  resemble  those  of  species  B,  but  are  slig-litJy  stouter. 
AVlien  alive,  two  pairs  of  sliort  transparent  tentacles  could 
be  seen  close  to  tlie  anterior  end  of  tlie  bead,  as  in  the 
other  Phyllodocid  larvae  of  this  stage ;  these  tentacles 
liave  completely  disappeared  fj-om  vieAv  noAv  that  the 
specimen  is  mounted. 

There  is  a  single  pair  of  brownish  eyes,  and  during 
life  the  mouth  and  prototroch  were  bordered  with  opaque 
black  pigment,  which  was  also  present  on  the  ventral 
surface  of  the  prostomium,  and,  more  abundantly,  on  the 
posterior  surface  of  the  anal  segment.  The  gut  was 
purplish  in  colour. 

During  life  the  cilia  on  this  specimen  were  excep- 
tionally easy  to  distinguish.  The  prototroch  consisted 
of  two  rows  of  cilia,  those  of  the  anterior  row  being  20/>i 
in  length,  and  those  of  the  posterior  row  IQOyu.  The 
akrotroch  (PL  III.,  fig.  -iO,  A  and  B)  was  T-shaped,  and 
its  cilia  were  20 /x  long;  at  the  posterior  end  of  its  median 
limb  cilia  40/x  long  were  present  between  the  shorter 
ones;  they  were  not  formed  into  the  unpaired  "hook" 
as  in  the  larva  of  Phyllodocid  A,  but  as  their  ends  were 
beginning  to  macerate  slightly,  it  is  possible  that  they 
may  normally  be  so  arranged.  The  lateral  pieces  of  the 
akrotroch  curved  backwards  slightly,  close  to  their 
origin,  so  as  to  pass  behind  a  pair  of  well-defined 
"  hooks  "  of  40yu  cilia,  and  then  curved  forwards  again 
as  shown  in  the  figure.  Cilia  were  still  present  round 
the  mouth,  and  a  remnant  of  the  telotroch  remained  on 
the  dorsal  surface  of  the  anal  segment.  The  neurotroch, 
however,  was  not  present. 

Mcintosh  (18G9)  has  described  the  early  stages  of  the 
development  of  Plajllodocc  mticuhtta  :  he  figures  a  third- 
da  v  Trochophorc  wliicl>  is  almosi  identical  with  the 
Phyllodocid  Trochophores  described  above  except  in  size. 
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ML-Iiitosh's  larvae  being-  very  miieh  smaller*  than  even 
Species  A  of  the  Port  Erin  Phyllodocids.  Agassiz  (1867  : 
pp.  249-252;  PL  TI.,  figs.  46-55)  describes  the  later 
development  of  this  species.  Mis  yonng-est  larvae  (his 
figs.  46-47)  already  bear  a  pair  of  eyes  and  one  pair  of 
short  cephalic  tentacles.  The  first  three  body-segments 
— i.e.,  those  that  nltimately  bear  tentacular  cirri — are  at 
tirst  much  larger  than  the  rest,  whi(;h  they  overlap  as  a 
"shield."  Greef  (1879:  pp.  255-6;  PI.  XV.,  figs.  3-9) 
also  describes  a  Phyllodocid  lar"\'^  with  a  "  shield." 

Uacker  (1896:  pp.  84-6;  PI.  III.,  figs.  S-!)) 
describes  a  short  row  of  cilia  just  behind  the  eyes  of  his 
Xaples  Phyllodocid  larvae  in  the  trochophore  and  meta- 
trochophore  stages,  stating  (p.  85)  that  these  are 
characteristic  of  Phyllodocid  larvae  generally,  and  serve 
amongst  other  characters  to  distinguish  them  from  the 
larvae  of  Polynoi'  and  of  Nephtliys.  I  have  been  unable 
to  detect  these  in  the  Port  Erin  Phyllodocid  larvae, 
whereas  they  are  certainly  present  in  Poh^noid  larvae 
(see  above,  p.  586). 

I  have  already  referi'cd  (see  above,  p.  575)  lo  Mi'. 
•Tames  llorncll's  account  of  a  Phyllodocid  larva  from  the 
L.M.B.C.  district.  Other  Phyllodocid  larvae  (all  of  them 
of  the  same  general  type  as  those  from  Port  Erin)  have 
been  described  by  Claparede  and  Mecznikow  (1869 : 
pp.  189-191;  PI.  XV.,  figs.  2-2d),  Hacker  (1898: 
pp.  11-12 ;  PI.  I.,  fig.  5),  and  Leschke  (1903  :  pp.  130-131 ; 
PI.  VII.,  figs.  3-5).  Mcintosh  (1908:  p.  45)  briefly 
summarises  the  accounts  given  by  some  of  the  autliors 
above  referred  to. 

■  Speciineii.s  of  tho  luelaLrochopbore  iiiid  iu;ctoehiieU  stages  of  this 
species  were  abundant  at  I'lyniouth  at  Easter  (1909),  and  T  fonnd 
them  to  be  of  quite  a  large  size — about  equal  to  that  of  Phyllodocids 
Ji  and  ('.  I  have  no  doubt  of  tbo  identity  of  these  larvae,  whicli 
ilosely  agreed  with  Agassiz's  figures,  and  which  developed  into  small 
worms  witli  all  the  characters  of  P.  maculula ;  there  must,  therefore, 
lie  a  considerable  amount  of  growth  between  the  stages  reared  by 
Mcintosh  from  the  eggs  of  this  species  and  the  early  metatrochophore 
stages  seen  at  l"'lynionlli. 
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Xei'htiiydid.f.  (PL  ril.,  fif^s.   10,   11). 

( )ne  of  tlie  commonest  Polycliaet  larvae  in  tlie  Port 
Ivvin  plankton  during  Jnly  resembles  closely  in  form  and 
setae  the  well-known  larvae  of  Nephtliys,  to  which  genus 
I  have  no  hesitation  in  referring  it.  The  examination 
of  the  living  larvae  was,  however,  insufficient,  and  I 
cannot  give  as  complete  an  account  of  them  as  of  some 
others.  This  examination  was,  moreover,  confined  to 
larvae  in  the  nectochaeta  stage,  the  metatrochophore 
stage  being  seen  after  fixation  only. 

M  e  t  a  t  r  o  c  h  0  J)  h  o  r  e  . — The  j^oungest  larvae  seen 
are  pear-shaped  and  500 /-i  in  length  by  350 /-i  greatest 
breadth,  this  coinciding  with  the  position  of  the  proto- 
trocli.  The  mouth  is  certainly  surrounded  by  short  cilia. 
The  lateral  masses  of  nervous  tissue  in  the  preoral  lobe 
are  well  develoj^ed,  and  the  walls  of  the  oesophagus  are 
much  thickened,  but  not  pouched  as  in  Polynoe  larvae. 

The  body  shows  a  posterior  unsegmented  region  and 
seven  primary  segments  (PI.  III.,  fig.  10),  which  as  yet 
can  hardly  be  said  to  bear  ajipendages,  though  in 
segments  2-7  it  is  just  possible  to  distingiiish  lobes 
rej^resenting  neuropodium  and  notopodium,  setae  being 
just  visible  in  the  former,  but  barely  projecting  beyond 
the  soft  tissues.     A  telotroch  is  present. 

During  the  second  metatrochophore  stage  the 
umbrella  is  reduced  to  about  25//  diameter,  and  the 
appendages  (with  their  setae)  develop  from  before  back- 
wards, except  for  those  of  the  peristomial  segment,  which 
arise  much  later  than  those  of  the  second  segment. 

X  e  c  t  0  c  h  a  e  t  a  . — This  stage  may  be  said  to 
commence  when  the  setae  of  the  peristomial  segment 
appear.  The  umbrella,  as  noted  above,  is  now  only  2bix 
in  diameter,  i.e.,  very  little  broader  than  the  rest  of  the 
body.      The  prototrodi  coiisisls  of  an  anterior  low  of  short 
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(20 fi  ?)  cilia,  and  a  posterior  double,  row  of  unequal  cilia 
as  in  the  Syllid  larvae  described  above.  Of  tlie  latter 
row,  those  cilia  which  are  directed  forwards  are  about 
8U/U  in  leng-th,  and  those  which  project  backwards  are 
much  shorter  C-W/x  y).  The  leng'th  of  the  larva  (which  still 
shows  the  seven  primary  intertrochal  segments  only)  at 
the  beginning  of  the  nectochaeta  stage  is  about  TOU/i  ;  its 
breadth  (exclusive  of  the  appendages)  is  230/^.  The  first 
segment  bears  uniranious  parapodia  ;  the  remaining  six 
all  show  well-marked  neuropodia  and  notopodia,  each 
with  a  tuft  of  capillary  setae,  some  of  which  are  smooth, 
others  frilled  (see  PI.  III.,  fig.  11a). 

The  posterior  unsegmented  region  is  longer  in  this 
stage,  and  bears  a  telotroch  of  SOfi  cilia.  A  short  median 
caudal  appendage,  transversely  constricted  in  the  middle, 
is  present.  The  walls  of  the  oesophagus  are  greatly 
thickened  in  this  larva,  and  still  stain  very  deeply. 

A  pair  of  almost  black  eyespots — purplish  by  strong 
transmitted  light — is  present  on  the  dorsal  surface  of  the 
head;  and  immediately  behind  them  a  conspicuous  coiled 
tube  is  visible  in  living  specimens.  The  mouth  is  small 
and  inconspicuous ;  it  is  surrounded  by  a  very  narrow 
tract  of  lO/z  cilia.  A  few  cilia  Io/jl  long  are  usually, 
but  apparently  not  always,  ])resent  at  the  base  of  the 
neuropodium,  between  this  and  the  notopodium  on  every 
segment  except,  probably,  the  first  two.  E eddish-brown 
pigment  is  present  on  the  ventral  surface  of  the  pros- 
tomium  and  0)1  the  anal  segment  ;  also,  in  a  more  ditfuse 
form,  on  the  intertrochal  segments.  The  gut  contains 
bright  yellow  globides,  but  is  chiefly  coloured  by  a  bright 
blue  pigment  that  is  more  intense  at  either  end  than  in 
the  middle  of  the  body. 

'I'lu>  (ildcst  larva  obtained  is  of  about  the  same  width 
as  the  hisi,  l)ii(  has  increased  in  length  to  cSOO//,  and  shows 
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uine  iuteitinclial  sog'iiicnts  ;   ilic  socoinlarv  aj)peii(lag-t's  arc 
developing  in  regular  series.     The  rudiments  of  a  pair  of 
tentacles   can   just   be   recognised   in    a    pair  of   slightly 
projecting  lobes  at  tlie  sides  of  the  head.     Both,  the  protn- 
troch  and  telotroch  are  still  well  developed,  and  the  inter- 
trochal  cilia  between  the  lobes  of  the  parapodia  have  been 
seen    in    a   living   eight-segment   larva ;    the    only   nine- 
segment  larva  obtained  was  not  examined  alive,  and  so  it 
is  impossible  to  say  whether  they  are  present  on  it  or  not. 
The   complete    development    of    Nephthys    from    the 
Trochophore  has  been  described  by   Fewkes   (1885 :    pp. 
180-184;  PI.  lY.,  figs.  1-12).     He  states  that  the  mouth  is 
situated,    as    in    the   larva    of    Polygordius,    between    an 
anterior  and  posterior  ciliated  band,    the   latter  bearing 
shorter  ciJia  than   the   former,    but   differing  from   that 
found  in  Polygordius  in  that  it  becomes  indistinguishable 
from  the  anterior  band  laterally  and  dorsally.       Leschke 
(1903 :   p.  131)  has  since  proved  this  to  be  the  case  in  a 
European  species  also.     His  posterior  (post-oral)  band  is 
not    present    in   the    Port    Erin    larvae.      Fewkes'    oldest 
specimens — ten  chaetigerous  segments — show  the  develop- 
ment first  of  one  and  then  of  the  rudiments  of  a  second 
pair    of    cephalic    tentacles,    whilst    dorsal    and    ventral 
"  cirri "  appear  on  each  of  the  parapodia.     A  telotroch  is 
present  from  the  trochophore  stage  onwards,  disappearing 
only  in  the  very  oldest  larvae.     Claparede  and  Mecznikow 
(1869:    PI.  XIY.,  fig.  3),  Hacker  (1890:  PL  III.,  fig.  5; 
and  1898:  PL  I.,  fig.  4),  Leschke  (1903:  PL  YIL,  fig.  9) 
and  Mcintosh  (1908:  PL  I.,  figs.  1-3)  have  also  described 
Xephthys  larvae.     Mclntosli's  larvae  (pp.  14-1(5)  at  least 
seem  likely  to  belong  to  tlie  same  species  as  do  those  found 
at  Port  Erin  during  July. 
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ErxiciD.i:  (PI.  I.,  fig.  21). 

A  Eunicid  Metatrochopliore  has  been  twice  seen.  It 
differs  from  all  otlier  larvae  here  described  in  that  it  bears 
the  cilia  characteristic  of  a  Protrochophore,  the  true 
trochophore  stajje  having-  been  omitted  from  its  life 
history. 

The  larva  (PL  I.,  fig.  21)  is  ovate;  it  is  300/*  long  by 
180y«  broad ;  and  is  invested  in  a  thick  ornamented  cuticle, 
the  ornament  being,  however,  no  longer  visible  when  the 
specimens  have  been  mounted  in  balsam.  Cilia  15/U  long 
project  beyond  the  cuticle  all  over  the  body  with  the 
exception  of  a  narrow  tract  round  the  apical  tuft  of  SOfJ- 
cilia,  and  a  somewhat  larger  area  round  the  anus.  Close 
to  the  posterior  border  of  the  broad  ciliated  region  there 
is  a  pair  of  lateral  tufts  of  oO/u  cilia. 

At  the  apical  pole  the  cells  take  a  deep  stain ;  behind 
this  there  is  a  faintly-staining  tract;  and  behind  this 
again,  on  the  ventral  surface,  there  is  another  deeply- 
staining  area,  in  which  can  be  distinguished  the  outlines 
of  the  three  primary  segments  and  the  formative  region, 
the  last  being  quite  narrow  in  the  younger  of  the  two 
specimens,  but  almost  as  broad  as  one  of  the  primary 
segments  in  the  older  of  the  two.  Behind  this,  finally, 
there  is  in  the  older  larA^a  at  least,  a  narrow  band  of  clear 
tissue  surrounding  a  cluster  of  deeply-staining  colls  at  the 
extreme  posterior  end. 

A  number  of  short  straight  I'ods  wore  soon  during 
life  directed  towards  the  surface  luidor  tlio  ciitic^le  at  the 
anterior  end  of  the  larva.  A  pair  of  red  eye-spots  wore 
present  near  the  anterior  end.  The  gut  was  tinged  with 
traces  of  a  pinkish  ])igniont,  and  contained  large  clear 
globules. 

In  ilio  nldor  larvn  at  least,  sotao  projoot  fi'oni  tliroo 
[)airs    (il     casitio     in     llif    cuticle;     these     setae    can     bo 
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retracted  into  pits  in  the  Ixxly-Avall.  They  are  all 
compound,  bnt  do  not  noAV  show  sufficiently  clearly  in 
balsam  to  allow  an  accurate  drawing  to  be  made. 

Eunicid  Metatrochophores  very  similar  to  the  above 
have  been  described  by  Hacker  (1896  :  pp.  78-9  ;  PI.  III., 
figs.  :3-4,  and  1898:  p.  9:  PI.  I.,  fig.  2).  His  189(i  paper 
includes  a  description  and  figure  of  the  IS^ectochaeta,  as 
well  as  the  Met^itrochophore  of  the  Naples  species. 

Other  Eunicid  larvae  have  been  described  by 
Claparede  and  Mecznikow  (1869:  pp.  182-4;  PI.  XY., 
figs.  1-lJi—?  L^imhriconereis.'  And  pp.  184-186:  PI 
XII.,  figs.  2-21— Ophrjjofrocha),  Wilson  (1882:  pp.  288- 
291;  PL  XXL,  figs.  89-92;  PI.  XXIII. ,  fig.  10— a  very 
complete  account  of  the  development  of  Diopntra  cuprea), 
Fewkes  (1885:  pp.  197-201:  PI.  YII.  and  PI.  YIIL, 
figs,  l-'j — Lunibriconereis ;  stated  to  be  generically 
different  from  the  ?  Liimhriconereis  of  Claparede  and 
Mecznikow),  Braem  (1893:  pp.  217-221;  PI.  XL,  figs. 
^2-m—OphryotroeJia)  and  Korschelt  (1893:  pp.  237-242; 
PI.  XIII.,  figs.  12-15 — Ojjhryotrocha).  All  these  larvae 
agree  in  th3  suppression  of  the  trochophore  stage;  but 
this  is  apparently  due  to  the  first  portion  of  their  develop- 
ment taking  place  within  a  mass  of  jelly,  and  is  not  at  all 
exclusively  characteristic  of  the  Eunicidae  (see  Hacker, 
1896).  With  the  exception  of  O phrijotrocJm,  there  is, 
however,  a  marked  resemblance  between  them  in  general 
form. 

IL— SPIO.\IFORMIA. 

The  larvae  of  Spioniform  worms  (with  the  exception 
of  the  Chaetopteridae,  whose  well-known  "  mesotrochal  " 
larvae  form  a  well-defined  group),  are  characterised  by 
the  presence  of  long  capillary  provisional  setae,  of  which 
those  of  the  first  segment  considerablv  exceed  the  others 
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in  len^'tli,  oud  often  ri[)])r;n-  in  tlic  irocliophore  stage. 
The  segmented  larvae  are  in  general  mnch  more  slender 
than  those  of  the  Xereidiformia,  and  the  characteristic 
pair  of  tentacles  nsnallv  begin  to  develop  immediately 
behind  the  prototroch,  at  an  earl}'  stage. 

SnoNiD.i-:. 

Spio.  (PI.  III.,  fig.  38).— M  e  t  a  t  r  o  c  h  n  p  h  o  r  e  .— 
The  youngest  larvae  seen  are  of  a  small  size  (300 /u  bv 
100//),  and  bear  three  pairs  of  very  conspicuous  black 
eye-spots  that  are  very  resistant  to  the  solvent  action  of 
spirit.  The  eyes  may  be  arranged  in  a  straight  line  with 
the  large,  somewhat  crescent-shaped  pair  at  the  sides  of 
the  head  and  the  other  two  pairs  nearer  the  middle-line 
on  the  dorsal  surface ;  or  their  position  may,  in  the  same 
specimen,  change  so  as  to  present  the  arrangement  shown 
in  PL  III.,  fig.  38,  or  some  intermediate  pattern. 

Each  segment  bears  a  tiift  of  exceedingly  long  and 
slightly  curved  setae,  which  are  held  parallel  to  the  sides 
of  the  body  when  the  larva  is  swimming,  but  when  it  is 
irritated  they  project  from  the  body  as  showii  in  PI.  III., 
fig.  38.  These  setae  are  minutely  serrate  on  the  convex 
side,  but  the  serrations  are  quite  indistinguishable  in  a 
balsam  mount.  As  the  larva  grows  they  increase  in 
length  also,  so  thai  the  longest  ones  are  always  found  to 
be  about  twice  the  length  of  the  body.  The  oldest  larva 
seen  has  eight  segments,  and  is  550/z  in  length. 

The  observations  iipon  this  larva  during  life  are  not 
sufficiently  complete  to  allow  of  the  structures  then  seen 
being  adequately  figured ;  but  apical  cilia  and  (incom- 
plete P)  interparatroclis  are  certainly  present.  The  jiroto- 
troch  seems  to  be  invariably  composed  of  shorter  cilia 
f^O/u)  lliiin  llic  tclotroch  (•")0/u  ).  The  course  of  the  proto- 
tnu'h    is   irilcnuptcd    in    ihc    middle  nl'  Ihe   dorsal    surface 
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(see  figure).  It  is  continued  downwards,  to  end 
ventrally  on  eacli  side  on  the  lips  tliat  border  tlie  capacious 
"  mouth."  The  formation  of  these  lips  shows  that  it  is 
not  the  mouth  of  the  Trochophore,  but  is  the  external 
aperture  of  a  vestibule  from  which  the  original  mouth 
still  opens  into  the  oesophagus.  This  structure,  which 
further  involves  the  modification  of  the  ciliated  bands  on 
the  head  and  anterior  segments,  appears  to  be 
characteristic  of  larvae  of  the  Spionidae  and  Polydoridae. 
It  is  described  for  several  of  these  larvae  in  another  paper 
fGravely,  1909). 

This  larva  resembles  certain  known  larvae  of  Sino — 
so  closely  as  probably  to  be  of  the  same  genus — perhaps 
also  of  the  same  species  as  some.  Of  these  larvae,  one 
reared  from  the  ova  of  /S'.  fuliginosus  is  figured  by 
Claparede  and  Mecznikow  (1869:  PL  XII.,  fig.  IM ;  and 
Cambridge  Natural  History,  Vol.  II.,  fig.  145B,  p.  275) 
with  its  setae,  which  are  not  quite  so  inordinately  long  as 
in  the  Port  Erin  form,  held  as  when  swimming.  In  the 
larva  of  S.  meez7iikon'ianu.'!,  also  figured  by  these  authors, 
the  gut  is  enormously  swollen  with  food-yolk,  the  larva 
being  at  first  carried  about  attached  to  the  body  of  the 
mother.  The  larva  of  S.  seticornis  described  by 
Leschke  (1903  :  pp.  122-3;  PI.  YL,  figs.  7-9)  and  the  Sfio 
larva  described  by  Hacker  are  both  very  like  the  Port 
Erin  form  above  described. 

Spionid  A  (''  Claparede's  unknown  larval  Spio ") 
(PI.  IL,  figs.  22-27). — A  transparent,  colourless  larva, 
originally  described  by  Claparede  (1863:  pp.  77-80;  PI. 
YL)  and  subsequently — under  the  name  quoted  above — 
by  Mcintosh  (1894:  pp.  71-74;  PL  YIII.,  figs.  4-7),  is 
very  abundant  in  almost  every  tow-netting  taken  at  Port 
Erin  during  July.  Although  I  am  able  to  describe  a 
later  stage  in  the  development  of  this  larva  than  either 

RR 
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of  the  above  writers  have  done,  its  identification  with  an 
adnlt  form  still  remains  an  nnsolved  problem.* 

Xectosoma . — The  earliest  sta^e  obtained  was 
TOO  At  long  by  200ju  broad.  It  shows  a  posterior  nnseg- 
mented  region  preceded  by  abont  ten  somewhat  indistinct 
segments.  The  first  of  these  is  provided  with  a  tuft  of 
long  straight  setae,  and  the  others  with  shorter  but  other- 
wise similar  ones;  no  neuropodial  setae  are  present  as  yet. 
The  body-wall  is  thin  dorsally,  but  thicker  ventrally.  The 
gut  is  broad,  and  contains  a  (yolk}-  ?)  substance  of  finely 
granular  appearance  and  faint  staining  properties  with 
borax-carmine.  No  food-material  from  the  exterior  has 
been  seen  in  the  gut  in  the  earlier  stages.  The  head  is 
rounded  in  front,  and  after  fixation  is  almost  always 
ventrally  flexed.  Young  specimens  examined  alive  bore 
two  pairs  of  red  eye-spots  on  the  dorsal  surface  of  the 
head,  the  inner  pair  being  situated  somewhat  behind  the 
outer  pair.  They  also  showed  a  spot  of  opaque  yellow 
pigment  at  the  base  of  each  tuft  of  setae ;  these  spots  were 
smaller  towards  the  anterior  end  of  the  larva  than  they 
were  towards  the  posterior  end;  and  a  liue  of  nilnuio 
specks  of  the  same  opaque  pigment  was  found  to  exteud 
across  each  segment  between  the  spots  situated  on  either 
side  of  it. 

The  larvae  elongate  by  the  continuous  development 
of  new  segments,  and  the  boundaries  of  the  old  segments 
become  more  clearly  defined.  The  neuropodial  setae  soon 
appear,  the  first  of  each  tuft  to  develop  being  very  much 
stouter  than  the  rest,  which  resemble  those  already  present 

='=Dr.  Allen  has  called  my  attention  to  the  fact  that  Claparedc 
himself  suhsequently  described  {Zeits.  wiss.  Zool.,  XXV.,  1874 — 
included  in  a  paper  by  Ehlcrs)  fragments  of  a  woi-ni  which  he 
recognised  as  the  adnlt  of  this  larva,  and  for  which  be  founded  the 
genus  Poecilochaetus ,  a  genus  separated  from  the  Spionidac  by  Mesnil 
and  placed  in  his  new  family  Disoniidae.  Dr.  Allen  has  since  fully 
described  a  species  of  Poecilochnetv-i  (Quart.  Jovrn.  Micr.  Set.,  XI,\'I  Tl . , 
1904). 
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in  tlie  dorsal  tuft.  Before  lon^  a  similar  stout  seta 
appears  in  tlie  dorsal  tuft,  and  two  may  be  present  in  tlie 
ventral  one.  Tlie  most  anterior  segments,  liowever,  seem 
to  be  without  tbese  stout  setae. 

In  a  larva  of  about  twenty  segments  (l,500ju  long)  a 
pair  of  lobes,  the  rudiments  of  the  tentacles,  are  clearly 
indicated  at  the  sides  of  the  head,  and  parapodia,  slightly 
biramous,  already  project  from  the  surface  of  the  body, 
though  more  usually  this^  occurs  in  larvae  of  about  twenty- 
five  segments.  The  tips  of  both  lobes  of  the  parapodia 
are  faintly  tinged  with  brown ;  and  each  of  the  masses 
of  opaque  yellow  pigment  above  mentioned  is  now 
situated  between  the  bases  of  the  two  lobes  of  a  para- 
podium  (PL  II.,  fig.  27).  The  individual  segments 
lengthen  considerably  at  about  this  time,  and  the  tissues 
lose  the  strikingly  embryonic  appearance  that  they  have 
so  far  possessed,  at  all  events  after  staining.  This  is  due 
in  part,  no  doubt,  to  the  disappearance  from  the  gut  of 
its  (yolky  ?)  contents  referred  to  above ;  only  occasion- 
ally, however,  has  any  food  material  from  the  exterior 
been  seen  to  replace  this  substance. 

The  head  and  anterior  segments  show,  in  an  inten- 
sified form,  the  structures  briefly  noted  above  (p.  607)  as 
characteristic  of  larvae  of  Spionidae  and  Polydoridae. 
There  are  no  nototrochs ;  gastrotrochs,  however,  are 
present  on  every  segment,  but  become  smaller,  and  finally 
disappear  towards  the  posterior  unsegmented  region.  The 
gastrotrochs  of  the  first  three  segments  are  modified  in 
connection  with  the  special  characters  of  the  head ;  those 
of  the  remaining  segments  consist  on  each  side  of  an  outer 
and  middle  row  of  -[Qfx  cilia,  and  an  inner  row  of  15//. 
cilia :  the  inner  rows  of  the  two  sides  of  one  sesrment  do 
not  extend  to  the  middle  line,  but  are  separated  by  a  short 
gap,  as  are  the  other  parts  of  the  gastrotroch.  There  is  a 
short  median  dorsal  gap  in  the  .powerful  telotroch. 
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The  dorsal  and  ventral  rauii  of  the  parapodia  increase 
in  size,  whilst  the  pigment  spots  between  them  decrease. 
"When  about  thirty  segments  have  appeared,  the  para- 
podial  rami  of  segments  T-11  (inclusive)  rapidly  lengthen 
till  they  become  200//  long,  those  of  the  other  segments 
retaining  a  length  of  about  100//  :  the  former  are  now 
shaped  like  a  long-handled  club,  attached  by  the  thick 
end  (PI.  II.,  tig.  26,  shows  one  of  these  parapodia  from  a 
still  more  advanced  worm) ;  the  latter  lack  the  "  handle," 
and  are  simply  pear-shaped. 

In  this  connection  it  may  be  noted  that  the  correla- 
tion between  the  development  of  any  particular  organ  and 
the  number  of  segments  then  present  is  remarkablv  small, 
and  Claparede  figures  a  forty-segment  specimen  with 
uniform  appendages.  AVhen  about  forty  segments  have 
been  formed  the  Port  Erin  larvae  are  found  to  have 
developed  a  pair  of  large  tentacles  that  project  con- 
spicuously from  the  sides  of  the  head;  between  them  the 
dorsal  surface  is  compressed  laterally  so  as  to  give  the 
head  a  crested  appearance.  All  cilia  disappear  from  the 
larva,  with  the  exception  of  some  situated  in  a  pit  on  the 
ventral  side  of  the  second  segment,  and  a  row  placed 
obliquely  on  each  side  of  the  median  dorsal  crest  of  the 
head. 

Further  specialisation  of  the  appendages  takes  ])lace. 
The  first  segment  (PI.  II.,  fig.  2'3)  bears  on  each  side  as 
before  a  bunch  of  mucdi  longer  setae  than  the  following 
segments;  immediately  behind  those  setae,  and  apparently 
belonging  to  the  same  segment,  is  a  short  (40//)  noto- 
podial  projection,  below  which  is  a  small  (30//  diameter) 
spherical  protuberance,  which  during  life  bears  straight 
delicate  (sensory?)  processes;  and  immediately  behind 
this  protuberance  is  situated  a  tuft  of  short  (SOO//)  setae, 
and  a  long  (130//)  neuroporlial   projection.       The  second 
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and  third  segments  (PL  II.,  tig.  24)  each  bear  a  long 
(1-jO/«)  notopodium  immediately  behind  a  bunch  of  short 
(50()/m)  setae;  and  a  neuropodium  of  the  same  dimensions 
as  the  notopodium.  Immediately  in  front  of  the  neuro- 
podium is  a  tuft  of  setae  consisting  of  a  single  straight 
seta,  and  first  one,  then  two,  and  in  the  oldest  specimen 
of  all  (in  the  anterior  of  these  segments  at  least)  three 
shorter  stout  curved  setae.  Between  the  dorsal  and 
vejitral  rami  there  is  a  small  round  protuberance  bearing 
hair-like  processes  as  on  the  first  segment.  The  fourth, 
fifth  and  sixth  segments  (PI.  II.,  fig.  25)  resemble  the 
second  and  third,  except  as  regards  the  ventral  bunch  of 
setae,  which  consists  of  two  straight  stout  spines  and  three 
or  four  much  smaller  ones ;  the  small  rounded  pro- 
tuberance, moreover,  is  not  invariably  present  on  all  these 
segments.  The  next  five  segments  (PI.  II.,  fig.  26) 
resemble  the  last  three,  except  that  both  neuropodium  and 
notopodium  reach  a  length  of  about  200 /jl,  being  produced 
distally,  as  mentioned  above,  into  a  slender  cylindrical 
"  handle " ;  one  of  the  dorsal  setae,  too,  is  markedly 
stouter  than  the  rest,  resemblint?  the  two  stronor  setae  of 
the  ventral  bunch.  The  remaining  segments  also  show 
this  stout  dorsal  seta,  but  otherwise  resemble  segments 
3-5 ;  after  the  first  four  or  five  of  them,  however,  the 
occurrence  of  these  special  setae  becomes  irregular,  and 
still  nearer  the  posterior  end  they  are  not  to  be  found 
at  all. 

Two  fixed  specimens — one  incomplete  at  the  posterior 
end,  the  other  with  forty-two  segments — show  the  anterior 
unpaired  process  of  the  head  (PI.  II.,  fig.  22)  developing 
to  a  large  size ;  its  distal  end  is  flattened,  but  not 
bifid.  Mcintosh  (1894 :  p.  73)  remarks  that  none  of 
Claparede's  or  his  own  specimens  showed  this  con- 
spicuously, and  suggests  that  it  might  be  expected  later 
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to  attain  a  mucli  <Treater  size.  Tliese  two  larvae  appear 
to  be  considerably  older  than  any  described  by  either 
Claparede  or  Mcintosh,  as  these  authors  make  no  mention 
of  the  short  curved  setae  of  segments  2-3,  which  would 
seem  to  develop  some  time  before  the  growth  of  the 
anterior  prolong-ation  of  the  head. 

I  have  seen  nothing,  even  in  the  oldest  larvae,  of  the 
two  rudimentary  cirrus-like  outgrowths  that  occurred 
on  each  parapodium  of  the  second  and  third  segments  in  a 
specimen  described  by  Claparede  from  Christiansand 
Harbour  (1863  :  p.  79  ;  PI.  VI.,  figs.  8-9 ).  Probably  these 
were,  as  he  suggests,  abnormal. 

Spionid  B  (PI.  III.,  figs.  33-34). — K  e  c  t  o  s  o  m  a. — 
This  larva  is  characterised  by  its  slenderness,  the  anterior 
segments  of  a  well-expanded  specimen  being  quite  as  long 
as  they  are  broad. 

The  youngest  specimen  examined  (800/*  by  80//) 
shows  ten  segments  and  a  posterior  uusegmented  region ; 
the  appendages  scarcely  project,  and  the  setae,  which  are 
long  and  slender,  have  become  so  much  folded  round  the 
body  in  mounting  (this  larva  was  not  examined  alive)  as 
to  make  further  observations  upon  them  impossible.  The 
head  is  rounded  in  front  and  already  bears  two  pairs  of 
eyes,  a  small  pair  situated  on  the  dorsal  surface  not  far 
from  the  middle  line,  and  a  larger  pair  situated  at  the 
sides  of  the  head  or  slightly  on  the  ventral  surfa(;e.  Proto- 
troch,  telotroch,  and  intertrochal  cilia  ai'e  j)resent,  but 
their  extent  cannot  be  determined.  Close  to  the  anus 
there  is  a  pair  of  very  characteristic  groups  of  anal  styles 
(PI.  III.,  tig.  34;  An.  sty.).  Later  stages  show  the  growth 
of  the  worm  by  the  addition  of  further  segments ;  a  very 
conspicuous  pharynx  appears  (PL  III.,  fig.  •'53;  Ph.),  the 
tentacles  develop,  and  both  notopodia  and  neuropodia 
begin  to  project  f]'om  the  sides  of  ihc  liody.    A   iiKJunlcd 
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larva  of  twenty-two  segments  (total  length  2,100/x, 
breadtii  loO/x)  shows  tlie  setae  very  cLearly  (PI.  III.,  fig. 
33).  Those  of  the  (single  ?)  tuft  on  the  first  segment 
reach  a  length  of  4:b0fJL,  whilst  those  of  both 
dorsal  and  ventral  tufts  on  the  second  and  third 
segments  are  not  more  than  SO/x  long ;  the  fourth 
and  succeeding  segments  bear  setae  300/x  long, 
these  being  less  numerous  on  the  fourth  than  on  the 
remaining  segments ;  they  are  provisional  setae  that  are 
shed  from  the  anterior  segments — with  the  exception  of 
the  first — before  they  disappear  from  the  posterior  ones. 
The  provisional  setae  of  the  first  segment  disappear  very 
soon,  however,  and  those  of  the  remaining  segments  con- 
tinue to  be  shed,  from  before  backwards.  The  permanent 
setae  become  more  numerous,  and  hooded  crotchets  make 
their  appearance  in  the  ventral  tufts  of  setae  on  the 
tenth  and  succeeding  segments,  being  most  numerous 
near  the  posterior  end.  The  branchiae  and  podal 
membranes  develop  in  series  beginning  on  the  second 
chaetigerous  segment. 

My  observations  upon  this  larva  in  the  living  condi- 
tion were  confined  to  the  stage  in  which  the  tentacles, 
though  present,  are  still  rather  short.  The  usual  Spionid 
characteristics  of  the  anterior  end  (see  above,  p.  007)  are 
present.  The  prototroch  extends  along  the  bases  of 
the  tentacles.  The  head  presents  a  crested  appearance, 
as  in  the  advanced  stages  of  Spionid  A.  Gastrotrochs, 
broken  into  four  equal  sections,  are  present  on  every 
.segment,  with  the  possible  exception  of  the  first  three 
as  in  "  Claparede's  larva  "  (see  above,  p.  609).  The 
telotroch  is  incomplete  dorsally,  as  in  other  Spionid 
larvae.  The  tentacles  of  this  larva,  as  well  as  its  slender 
vermiform  appearance  and  long  provisional  setae,  show 
it   to   be   undoubtedly   a   stage   in   the   development  of  a 
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Spioniform  worm ;  it  dilters,  liowever,  from  all  the  figures 
I  have  seen  of  sucli  larvae  in  the  length  and  narrowness 
of  the  segments,  and  the  consequent  extreme  slenderness 
of  the  larva  as  a  whole.  Otherwise  it  is  not  unlike  the 
larva  of  Nerine  figured  by  Agassiz  in  1(S()7  (see  his 
PI.  YI.,  figs.  40-42)  and  de  Saint-Joseph  (1894:  p.  69; 
PI.  III.,  fig.  80).  Th(^  generic  characters  (sec  Mcsnil, 
1896,  p.  IIT)  of  our  larva  .ip  to  the  latest  stage  examined 
are  those  of  Jl/cro.yj/o,  Me^nil,  hut  as  several  of  ihese  are 
negative  its  position  cannot  be  regarded  as  definitely 
established. 

[Nerine. — An  early  stage  of  Nerine  cirratulus  is  very 
common  at  Port  Erin,  more  especiallj',  Mr.  Chadwick 
tells  me,  in  the  earlier  part  of  the  year.  I  have  not  yet 
been  able  to  make  any  detailed  observations  upon  it, 
although  I  have  frequently  seen  it  in  the  July  plankton; 
and  I  have  not  been  able  to  trace  its  history  after  the 
loss  of  the  conspicuous  vitelline  membrane  with  which 
these  early  stages  are  invested.  Its  identity  has  been 
determined  by  Cunningham  and  lianiage  (1887  :  pp. 
638-9),  who  recognised  this  vitelline  membrane  with  its 
characteristic  external  reticulum  of  hexagonal  meshes  to 
be  the  same  as  that  originally  described  by  Claparede 
(1868:  pp.  329-330)  surrounding  the  ova  of  Nerine  cirra- 
tulus* These  authors  descril)e  the  segmentation  of  the 
Q^g  and  the  development  of  the  Trochophore,  which  still 
bears  the  characteristic  vitelline  membrane  (PI.  III.,  fig. 
39,  (J)  through  which  pass  the  cilia  of  the  pi-ofotrocdi, 
lelotroch,  and  apical  oigan.  Two  pairs  of  chaetigcrous 
])arapodia  begin  to  develo]>  before  the  vitelline  membiano 
disappears;   the  setae  of  the  anterior  pair  are,  as  is  usual 

*  1  Lave  found  a  similar  laeiiibiaue  round  the  cgRs  uf  ScultcuLpi'^ 
vulgaris  ;  .so  these  larvae  may  belong  to  cither  of  these  worms,  and 
l)crliaps  to  others  also. 
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ill  Spioiiiform  larvae,  miieh  longer  than  those  of  the 
second  pair.  Leschke  (1903:  p.  103;  PL  YI.,  fig.  10) 
has  also  described  the  Trochophore  of  this  sj)ecies;  his 
account  is  in  close  agreement  with  that  of  Cunningham 
and  Ramage.  Claparede  and  Mecznikuw  (1809 :  PL 
XII.,  fig.  4)  figure  a  two-segment  larva  of  this  species, 
still  invested  in  the  vitelline  membrane;  it  is  apparently 
of  about  the  same  age  as  that  figured  by  Cunningham 
ami  liamage  in  fig.  2  Gr  of  their  PL  II.  Claparede  and 
MeczuikoAv  state  that  the  further  develojament  is  broadly 
the  same  as  that  of  "  Nerinen  (falschlich  Leiicodoren) 
Larven  von  Normandie,"  and  only  figure  one  other  stage, 
this  having  over  thirty  segments.  This  larva  is  at  once 
distinguished  from  the  Sj)ionid  larvae  of  the  present  paper 
by  the  large  prickles  on  the  provisional  setae  of  the  first 
segment.  The  figures  given  by  Cunningham  and  Eamage 
(loc.  cit. :  PL  XXXVII.,  figs.  2  I,  2  J)  show  "a  later 
stage  [12-segments ;  not  described  in  the  text]  of  the 
larva  '  of  N .  cirratulus  which  has  developed  along  very 
different  lines  from  this  larva,  but  resembles  in  some 
detail  the  larvae  of  Polydora  (see  below,  p.  (j2Tj.  ] 

Spionid  C  (PL  III.,  fig.  35).  This  is  an  extremely 
common  form,  characterised  by  its  small  size  (about  equal 
to  that  of  similar  stages  of  the  Spio  described  above), 
long  slender  setae,  and  single  pair  of  eye-spots,  which  are 
situated  slightly  on  the  ventral  surface  and  which  always 
disappear  in  spirit.  I  have  only  been  able  to  make  a 
hurried  examination  of  the  living  larva. 

M  e  t  a  t  r  o  c  h  o  p  h  o  r  e  . — The  head  is  rounded  and 
bears  a  tuft  of  apical  cilia  and  one  pair  of  red  eye-spots. 
The  prototroch  is  probably  still  complete  at  this  stage,  as 
the  characteristic  cephalic  larval  organs  of  the  Spionidae 
do  not  seem  to  have  developed  as  yet ;  it  encircles  the 
larva  in   its  broadest  part,    which   is   150/x    in  diameter. 
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Behind  it  successive  segments  are  formed,  narrow  at  first, 
Init  liecomiug  broader  as  they  develop;  eacli  hears  a 
dorsal  tuft  of  long  (240/x)  setae,  and  a  ventral  tuft  of 
shorter  ones  (80 /x),  the  latter  appearing  on  each  segment 
a  little  later  than  the  former.  The  lengths  of  these  setae 
show  a  steady  decrease  from  the  first  segment  to  the 
posterior  end.  Gastrotrochs  were  seen  in  the  living  larva, 
but  their  precise  extent  was  not  determined. 

The  dorsal  body-wall  is  thin  as  \isual,  and  contains 
a  pair  of  conspicuous  longitudinal  muscle  bands;  the 
ventral  wall  is  thicker,  and  even  in  quite  small  larvae 
(seven  segments)  shows  traces  of  the  differentiation  of  the 
nerve-cord  which,  during  tbe  development  of  the  next 
two  or  three  segments,  becomes  quite  clearly  defined. 
The  gut,  even  in  the  earliest  stages  seen,  contains  the 
remains  of  unicellular  organisms.  Xo  distinctive  per- 
manent features  have  been  seen  in  this  larva,  only  the 
metatrochophore  stage  having  been  found.  ()n  account, 
however,  of  the  long  setae  and  slender  body  it  may  be 
referred  with  certainty  to  the  Spioniformia.  It  can 
hardly  be  an  early  stage  in  the  development  of  Spionid  A 
because,  in  addition  to  its  relatively'  small  proportions, 
the  gut  always  contains  abiindant  remains  of  unicellular 
organisms  and  never  the  yolky  {?)  material  there  present. 
From  Sinonid  B  it  is  distinguished  by  the  shortness  of 
the  segments  relatively  to  their  breadth ;  the  setae,  too, 
are  slightly  stouter  and  more  rigid. 

Spionid  D.    -"  Cliaelosphaera  "'  -(IM.  III.,  figs.  -JIp-"!;). 

M  (;  (  a  1  r  o  c  h  o  p  li  o  r  e  and  IVcctosoma. — 
This  is  a  very  large  form,  which  is  (diaracterised  by  its 
tufts  of  strong,  smooth,  and  slightly  curved  setae  (PI.  III., 
iig.  .'ifjj,  and  by  the  prolongation  of  the  head  into  a  snout 
which,  however,  is  usually  contracted  out  of  all  recogni- 
(iou  in  fixed  specimens  (compare  PI.  III.,  figs.  :')<i  and  ;^7|. 
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This  snout  appears  to  be  formed  from  tlie  anterior  margin 
of  tlie  head  and  lips,  and  is  a  peculiar  modification  of  the 
cephalif  larval  organs  characteristic  of  the  Spioiiidae.* 
Sections  have  revealed  the  presence  of  a  cnrions 
(sensory  ?)  organ,  situated  on  the  fore  part  of  the  head 
in  the  mid-dorsal  line  immediately  above  the  brain. 
Behind  this  are  situated  the  eye-spots,  which  are  of  a 
reddish  colour  and  somewhat  opaque. 

Xototrochs  are  absent.  The  gastrotrochs  of  the 
anterior  segments  are  as  usual  modified  in  connection  with 
the  special  structures  of  the  head.  The  fourth  and 
succeeding  segments,  however,  each  bear  laterally  an 
inner  and  outer  pair  of  short  rows  of  extremely  powerful 
100 y«  cilia  on  the  ventral  surface;  whether  any  cilia  were 
present  nearer  to  the  middle-line  it  was  impossible  to 
determine  on  account  of  the  extreme  opacity  of  this 
region  in  the  larvae  examined.  These  gastrotrochs 
became  smaller  and  finally  disappeared  altogether 
towards  the  posterior  end  of  the  body.  The  cilia  of  the 
telotroch  were  much  longer  than  those  of  the  prototroch, 
the  former  being  120/x  long,  the  latter  only  60//.  The 
tentacles  develop  at  a  very  early  stage,  and  the  prototroch 
extends  along  their  bases  (PI.  III.,  figs.  oG-oT,  Ftr.). 
The  gut  consists  of  a  muscular  pharynx  followed  by  a 
broad  intestine  which  is  filled  with  a  very  opaque  yolky 
material ;  the  walls  of  the  gut  often  contain  dense  black 
pigment. 

The  provisional  setae  are  very  stout  and  distinctly 
curved.  Those  of  the  first  segment  reach  a  length  of 
o{)^fi,  tliose  of  the  remaining  segments  a  length  of  200/U  ; 
they  are  confined  to  the  dorsal  lobe  of  each  parapodium, 
and  a])pear  before  the  parapodia  begin  to  project  from 
the  l)ody-wall.     The  ventral  setae  develop  later:  they  are 

*  It  has  been  desciibL'd  elsewhere  (Gravely,  19U*J). 
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:?liort  capillaries,  and  separated  from  the  dorsal  tuft  Ly  a 
small  conical  process  wliicli  precedes  them  in  develo})- 
ment.  These  parapodial  structures  are  well  shown  in  a 
mounted  larva,  of  ahout  IT  sefjments,  which  is  1,'-M)0/j. 
long'  hy  •)()()//  ljrt)ad:  many  ot  the  ventral  setae  have 
reached  a  length  of  9{)yu  ;  they  are  smooth  (?),  stout,  and 
slightly  curved,  and  occur  three  or  four  to  each  tuft,  the 
provisional  setae  being  still  preseni  in  the  dorsal  tufts. 
In  another  larva  of  ahout  the  same  age  most  of  the 
provisional  setae  have  been  shed  from  all  segments  (exce})t 
the  first)  of  the  anterior  half  of  the  body,  their  ])lace 
being  taken  by  permanent  dorsal  setae  resembling  those 
of  the  ventral  tuft  in  which  the  development  of  provisional 
setae  appears  to  be  entirely  omitted.  In  this  specimen 
crotchets  are  present  in  the  ventral  tufts  of  the  thirteenth 
and  succeeding  segments;  the  gut  is  still  full  of  opaque 
yolky  material. 

These  larvae  probably  belong  to  the  same  spcn-ics  as 
the  "  Larve  mit  riisselartiger  Oberlippe"  figured  h\ 
Claparede  (180-3:  PI.  YIL,  figs.  1-2)  and  briefly  described 
in  a  foot-note  to  p.  86  of  the  same  work.  The  unpaired 
dorsal  (seusorj'  ?)  organ  on  the  fore  part  of  the  head  is 
indicated  in  his  fig.  2. 

Another  species  of  larva*  showing  the  same  remark- 
able modification  of  the  head,  and  the  same  arrangement 
of  the  ciliated  bands,  occurs  in  the  Plymouth  plankton  at 
the  end  of  March  and  beginning  of  April.  Many  of  the 
setae  of  this  larva  are  very  much  stouter  tlian  those  of 
Spioiiid  D;  some  of  them  are  smooth,  and  others  scii'ate, 
the  former  presenting  a  variety  of  form  strongly  sugges- 
tive of  the  figure  given  by  Hacker  (1898  :  PI.  III.,  iig.  21) 

*  'I'besi!  observations  on  Chaetoaphaeni  were  made  after  the  above 
account  of  SpiMiid  D  bad  been  written.  .As  tbis  paper  in  its  original  fonn 
is  frequently  referred  to  in  my  '  Studies  on  Polychaet  Larvae  '  (Gravely, 
VJifj)  it  seems  best  to  add  this  note  rather  than  modify  the  original 
aecount. 
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of  oue  of  the  larvae  for  wliich  lie  created  the  provisional 
(larval)  genus  "  Chaetosphacray  The  stout  and  diverse 
form  of  the  setae,  together  with  the  habit  which  the 
Plymouth  larva  shares  with  S-pmnid  D  of  contracting  and 
curling  up  into  a  more  or  less  spherical  spinose  mass  when 
irritated,  proves  conclusively  that  the  Plymouth  larva  is 
a  true  "  Chaetosphaera,''  and  from  this  it  may  be  inferred 
that  the  peculiar  structure  of  the  head  found  in  the 
Plymouth  larva  and  in  Sjriorrid  D  is  one  of  the  charac- 
teristics of  the  genus.  As  liiicker  was  only  able  to 
examine  preserved  specimens,  it  is  not  surprising  that  he 
saw  nothing  of  this.  The  simpler  stout  setae  which  alone 
are  found  in  Spionid.  D  l)ring  this  larva  nearer  to  the 
species  of  ^''  Chaetosphaera''  figured  by  Hacker  (loc.  cit., 
p.  20)  in  his  text-figs.  C  and  D ;  this,  however,  bears 
serrate  setae  anteriorly,  whereas  the  setae  of  Spionid  D 
are  all  smooth. 

A  specimen  of  another  species  of  "  Clmeiospliaera  " 
was  obtained  by  Prof.  Ilerdman  at  Port  Erin  in  April, 
and  this  he  kindly  sent  on  to  me ;  but  as  it  is  at  present 
only  known  by  this  one  preserved  specimen  I  cannot  give 
a  full  description.  The  general  form  of  the  body  is  like 
that  of  Spionid  D,  but  the  "  snout "  is  of  course 
contracted  beyond  recognition.  Most  of  the  setae 
resemble  those  of  Spionid  D  in  form,  but  are  serrate 
instead  of  smooth ;  amongst  these  a  single  broad,  flat, 
and  somewhat  curved  seta,  with  rather  finely  serrate 
edges  occurs  in  some  of  the  dorsal  tufts.  Though  broad 
at  the  base  it  becomes  much  broader  distally,  and  then 
rapidly  tapers  to  a  point,  the  outline  of  the  tip  consisting 
of  a  pair  of  somewhat  concave  curves.  The  eyes  are  four 
in  number. 

With  regard  to  the  adult  form  of  "  Chaetosphaera," 
it  is  interesting  to  note  that  a  slender  median  tentacle, 
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inserted  veutrally  in  the  dorsal  slieathiug  portion  of  the 
prostomium,  was  found  to  be  developing  in  the  oldest  of 
the  Plymouth  larvae  that  were  seen.  A  tentacle  in  this 
position  is  found  in  the  Spioniform  worm  Poccilochaetus, 
but  any  close  affinity  with  this  genus  is  rendered 
improbable  by  tlie  entire  absence  from  the  larva  of 
Poecilochaetus  (Spionid  A  of  this  paper) — unless  it  be  in 
the  very  early  stages  prior  to  that  in  which  it  first  appears 
in  the  tow-net — of  the  cephalic  structures  characteristic 
of  the  '■  Chaetosjiliaera "  larva.  At  present  it  is 
impossible  to  identify  the  larval  genus  "  CItaefospIuiera  " 
with  any  known  adult  genus,  but  the  many  points  of 
resemblance  between  this  genus  and  the  larvae  of  Spio 
and  Polydora  sufficiently  prove  it  to  belong  to  the 
Spioniformia. 

POLYDORID^. 

Polydora. — M  e  t  a  t  r  o  c  h  o  p  h  o  r  e  (PI.  II.,  fig. 
31). — A  species  of  Metatrochophore  resembling  that 
described  by  Claparede  (1863:  pp.  69-70;  PL  VII.,  figs. 
4-6)  as  the  young  of  Leuroilorti,  -Tnstn.  (  =  Poh/Jora,  Jiosc.) 
ciliata  was  obtained  on  several  occasions;  in  no  case, 
however,  have  I  seen  a  specimen  intermediate  between 
these  larvae  and  either  form  of  Pohjdora  jS^ectosoma 
described  below.  None  of  these  Metatrochophores  have 
been  examined  alive;  wlieii  fixod  tlioy  ap])car  to  be  very 
much  contracted.  A  5-segment  specimen  is  350/«  long, 
its  maximum  breadth  (300//)  occurring  in  the  body- 
region.  The  head  is  large,  and  almost  hemispherical  in 
shape;  it  is  20()/u  broad  posteriorly,  and  bears  the 
rudiments  of  a  pair  of  tentacles.  Claparede,  in  Ins 
■Vsegment  stage,  figures  a  powerful  prototroch  and 
telotroch,  a  band  of  shorter  cilia  situated  on  the  fifth 
segment,  the  rudiment  of  a  neurotroch  on  the  first  two 
segments.     ;iii(l    a     |);iir    nC    slioj-t     tufts    of    cilia    <>ii     tlie 
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anterior  margin  of  the  head.  His  larvae  are  certainly 
not  specifically  identical  with  the  Port  Erin  ones 
however,  and  whether  these  structures  are  also  present  in 
them  is  3'et  to  be  ascertained.  The  first  segment  of  the 
Port  Erin  larvae  is  longer  than  any  other  and  bears  a  pair 
of  tufts  of  long  (850/x),  stout,  furved,  ringed  setae  (PL  II., 
fig.  ^l),  with  a  short  parapodial  process  in  connection 
with  each.  The  remaining  intertrochal  segments  each 
bear  a  discontinuous  transverse  band  of  black  pigment. 
They  are  usually  devoid  of  setae ;  but  in  one  larva  a 
single  pair  is  present  on  the  fifth  (?)  segment;  these  two 
setae  are  much  shorter  and  more  slender  than  those  of 
the  first  segment,  and  they  appear  to  be  quite  smooth. 
Claparede  figures  ringed  setae  on  all  segments  in  his 
5-segment  stage  (loc.  cit.,  fig.  6),  those  of  the  four 
posterior  segments  being  about  half  the  length  of  those 
of  the  first  segment ;  he  also  figures  the  pigment  as  a 
stellate  patch  on  each  side  of  the  four  posterior 
intertrochal  segments,  and  not  in  transverse  bands  as  in 
the  Port  Erin  larva. 

Nectosoma  . — Two  species  of  Polydora  have 
been  found  in  the  nectosoma  stage.  One  of  these 
(described  under  the  name  "  Polydora  B  ")  bears  pigment 
arranged,  roughly,  in  transverse  bands  (see  fig.  32) ;  it  is 
possible  that  this  may  be  a  later  stage  of  the 
Metatrochophore  above  described,  but  as  all  the  specimens 
obtained  show  15-20  chaetigerous  segments  it  is  impossible 
to  find  any  certain  evidence  of  this.  The  other  species 
is  much  commoner  and  is  characterised  by  stellate 
pigment-patches,  arranged  in  a  row  down  the  middle  of 
the  dorsal  surface  of  the  body.  As  much  more  complete 
series  of  these  larvae  have  been  found  it  will  be 
convenient  to  describe  this  species  (to  be  referred  to  as 
Polydora  A)  before  the  other. 
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Polydora  A  (D.  II.,  tigs.  '2S-30).  The  youngest 
specimen  obtained  is  oSO/n  long-  hv  150/z  broad,  and  has 
nine  segments.  A  sliort  conical  paiapodial  outgrowth  is 
present  immediately  below  each  tuft  of  setae.  The  setae 
are  smooth  capillaries,  those  of  the  first  segment  being 
decidedly  longer  than  the  rest.  The  tentacles  have  not 
yet  developed,  which  proves  that  this  is  not  a  later  stage 
of  the  Polydora  Metatrochopliore  described  above.  The 
head  bears  three  pairs  of  eyes  enmeshed  in  a  reticulum 
of  black  pigment  (as  in  PI.  II.,  fig.  28,  a  later  stage), 
lilack  pigment  is  present  at  the  sides  of  the  body,  between 
the  tufts  of  setae;  on  the  third,  fourth,  and  fifth  segments 
a  black  band  passes  dorsally  from  each  of  these  lateral 
patcbes,  the  anterior  pair  almost  meeting  in  the  middle 
line  (as  in  PI.  II.,  fig.  28).  On  each  of  tlie  remaining 
segments  these  bands  are  replaced  by  a  median  ramified 
patch;  the  posterior  end  of  tlie  anal  segment  is  ti]i])e(l  w  ith 
similar  black  pigment.  Xo  black  pigment  is  present  on  tlie 
ventral  surface.  In  a  12-segment  larva  the  arrangement 
of  the  pigment  is  as  before,  but  the  ramified  patches  are 
]uufh  larger.  A  few  j)rovisional  setae  of  the  ventral  tuft 
are  beginning  to  project  in  addition  to  the  dorsal  ones  on 
some  of  the  anterior  segments.  It  appears  to  be  usual 
for  the  ventral  provisional  setae  of  Spioniform  larvae  to 
develop  later  than  the  dorsal  ones,  and  to  icniain  smaller 
than  them  (for  other  instances  see  Sp/onids  A,  C,  D. 
above). 

The  tentacles  ;i]»])('ar  as  a  jjair  of  short  (-onical  out- 
growths behind  the  prototroch  (\vlii(di  dors  nut  extend 
along  their  bases)  in  a  lT-segn)ent  stage.  This 
larva  is  represented  in  Hg.  2!).  It  will  be  seen  that  the 
arrangement  of  the  pigment  remains  very  much  as  before. 
The  fifth  segment  shows,  eml)ed(le(l  in  ihc  tissues,  the 
faintest   rudiment^  of  its  speciali-ed   |ierMianent  setae,  and 
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lias  already  lost  a  iuiml)er  of  its  provisional  ones,  tliougli 
none  of  tlie  other  segments  appear  to  have  lost  any  of 
theirs. 

In  an  older  larva  (2,000/x ;  2o  seg-ments)  the 
specialised  setae  of  the  fifth  segment  are  much  more 
conspicuous  and  project  slightly,  almost  all  the 
provisional  setae  having  been  shed  from  this,  and  froni 
the  first,  second,  and  third  segments.  The  tentacles  are 
much  longer  and  appear  to  arise  nearer  the  middle  line 
than  in  the  younger  specimen.  In  addition  to  this,  the 
parapodia  of  the  seA'enth  and  succeeding  segments  each 
bear  a  short  (30 /z)  dorsal  outgrowth — the  rudiment  of 
the  ffill — and  amongst  their  ventral  setae  a  single  hooded 
crotchet  has  appeared.  The  lateral  extensions  of  the  first 
three  or  four  median  ramihed  patches  of  pigment  are 
now  emphasised  by  a  considerable  reduction  of  the  other 
parts,  and  the  lateral  patches  are  in  some  instances 
extended  for  a  short  distance  on  the  ventral  surface. 
The  four  most  recently  formed  segments  are  pigmented 
on  the  same  plan  as  segments  3-5,  the  lines  of  pigment, 
however,  ramifying  somewhat  over  the  segments.  The 
five  pharyngeal  pouches  described  in  detail  by  Salensky 
(Bull.  Imp.  Acad.  Sci.,  Moscow,  1908)  reach  the  height  of 
their  development  at  about  this  stage. 

In  the  oldest  specimen  seen  (25  segments)  these 
pouches  are  disappearing  again ;  the  special  setae  of  the 
fifth  segment  project  as  shown  in  PL  II.,  fig.  30.  I  have 
been  unable  to  identify  them  with  those  of  any  adult 
form.  The  shedding  of  the  provisional  setae  has  not 
progressed  so  far  as  in  the  previous  specimen.  In  both 
these  larvae,  aixd  in  all  others  of  sufficient  age  a  number 
of  segments,  increasing  with  the  growth  of  the  body  and 
commencing  with  segment  9,  contains  a  deeply  staining 
granular  substance,  which,  in  balsam  preparations  of 
ss 
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whole    specimens    stained    with     borax-earmine,     closely 
resembles  developing-  spermatozoa. 

Tlie  anterior  end  is  modified  in  connection  with  the 
vestibule  characteristic  of  larvae  of  the  vSpionidae  and 
Polydoridae.*  On  the  third  seg-ment  a  tuf(  of  80/^ 
(jasiroirochal  cilia  is  ])resent  on  each  side  close  to  the 
ventral  setae;  segments  5.  T,  10,  1-3,  15,  IT,  etc. — not 
strictly  alternate  segments  anterior  to  the  lOth — each 
bear  a  gastrotroch  which  consists  of  two  kinds  of  cilia,  a 
row  of  short  (45/«)  cilia  extending  across  the  middle  part 
of  the  segment  between  two  lateral  rows  of  powerful 
(80/«)  cilia,  with  which  it  is  continuous  at  each  end;  in 
the  more  advanced  larvae  examined  the  gastrotroch  of 
the  highly  specialised  fifth  segment,  but  of  no  others, 
was  found  to  be  undergoing  reduction.  Xototrochs  are 
absent  from  the  first  two  segments,  but  on  all  the  others 
a  line  of  GO/z  cilia  is  present  on  each  side;  whether  these 
are  joined  l)y  a  line  of  shorter  cilia  ac-ross  the  middle  of 
the  segment  to  form  a  complete  nototroch  I  was  unable 
definitely  to  determine.  The  cilia  of  the  })rototroch, 
which  does  not  extend  along  the  bases  of  the  teii(a;-lcs, 
are  80/x  long;  those  of  the  telotroch,  which  is  incomplete 
dorsally,  are  lOO/z  long. 

Polydora  B  (PI.  II.,  lig.  ;52).  This  is  most  easily 
distingnislicd  from  l^oJydora  A  by  the  arrangement  of 
the  pigment  wliich  is  more  diffuse,  and  lacks  the 
cliai'acteiistic  siclhiic  appcaiancc.  .\  change  mi  tlie 
pattern  on  (Mch  scgniciil  is  noliccabh'  in  passing  from 
the  anierloi'  lo  Ihe  j)osierior  end  of  the  larva.  The  lirst 
segnicni  bcais  ;i  pair  nl'  ii-rcgnlar  l>ht(k  patches; 
subsecjiienf  ones  Ix'ar  a  moic  or  less  continuous  posterior 
transvers(>  hand  (d'  pigment,  whiidi  becomes  more  broken 

■  See  (liavoly,  IIJU'J,  pp.  GIO.  (U  I . 
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in  the  posterior  segments,  where,   in  addition,  a  row  of 
irregular  hlaek  patches  is  present  in  front  of  each. 

The  only  other  known  Pohjclora-lavYH  whose 
pigmentation  is  at  all  like  this  is  figured  by  Hacker 
(1898:  PI.  II.,  fig.  IG).  Three  pairs  of  eye-spots  are 
present,  the  inner-  and  outermost  pair  being  larger  than 
the  middle  pair;  a  small  reticulate  patch  of  pigment  is 
present  beside  each  eye  of  the  outermost  pair,  but  this 
does  not  extend  amongst  the  eyes  as  in  Polydora  A.  The 
ventral  surface  is  free  from  this  black  pigment. 
Aj)parenth^  no  sjjecimen  obtained  is  old  enough  to  bear 
crotchets ;  the  stout  setae  of  the  specially  modified  fifth 
segment  are,  however,  very  evident,  although  the  larvae 
have  only  IT  segments,  at  which  stage  this  segment  is 
almost  unmodified  in  species  A  ;  capillary  setae  are  still 
present  on  this  segment.  The  specialised  setae  are  very 
like  those  of  species  A.  One  larva  of  species  B  was 
examined  alive;    the  cilia  are  arranged  as  in  species  A. 

Claparede,  as  above  mentioned,  has  described  the 
development  of  larvae  which  he  believed  to  be  those  of 
Leucodora,  Jnstn.  (  =  Polydora,  Bosc.)  cd/afa.  Agassiz 
(18()7  :  pp.  242-3)  disputes  the  identity  of  these  larvae  with 
this  or  any  other  species  of  the  genus  Polydora  on  account 
of  the  complete  absence  of  the  special  modifications  of  the 
fifth  segment,  even  in  the  oldest  larvae;  and  he  goes  on 
to  describe  the  development  of  a  species  of  Polydora — 
probably,  he  thinks,  P.  ciliata — from  an  11-segment 
form  (loc.  cit.,  PI  Y.,  fig.  26),  in  which  "the  fifth  ring 
is  much  wider  than  any  other,  and  has  only  three  short, 
stout  bristles  on  each  side  "  (loc.  cit.,  p.  244).  Agassiz's 
main  contention,  however,  falls  to  the  ground  in  view 
of  the  fact  that  Claparede's  oldest  larva  possessed  only  17 
segments,  at  which  stage,  as  noted  above,  it  is  only  after 
a  careful  examination  with  a  high  power,  of  a  transparent 
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mount,  that  traces  of  the  special  moclificatioiis  of  the 
fifth  segment  can  he  distinguished  in  Polydora  A.  Thus 
the  stage  at  which  these  structures  apjiear  may  he  much 
later  than  was  the  case  in  the  larvae  examined  by 
Agassiz ;  and  this  variability  has  also  been  noted  by 
Hacker  (1898:  p.  17)  in  connection  with  certain  species 
described  by  him.  Apart  from  the  question  of  the  fifth 
segment,  however,  Claparede's  17-segment  larva  is  much 
more  fully  developed  than  even  the  most  advanced  of  the 
Port  Erin  forms;  and  the  one  serious  difficulty  that  I 
see  in  including  it  detinitely  in  the  genus  Polydora  is 
that  all  the  segments  appear  to  bear  normal  short 
permanent  capillary  setae,  the  fifth,  segment  hcariiu/  Ju-'o' 
as  lai'f/e  a  tuft  as  the  others.  However,  as  in  many  species 
of  Pohjilora,  there  is  a  small  tuft  of  capillary  seta{>  on 
the  fifth  segment  in  addition  to  the  special  stout  setae,  I 
think  it  ])r()bable  that  those  larvae  really  do  liclouji,- 
to  the  genus  Polydora,  for  they  bear  gastrotroclis  on 
segments  5,  7,  10  (not  regularly  alternate)  just  as  in  both 
species  of  Port  Erin  Polydora  larvae,  and  the  stellate 
patches  of  dense  black  pigment  appear  to  be  found 
exclusively  in  Polydora  larvae.  All  known  larvae  of 
Polydora  (six  distinct  species)  possess  j)atches  of  dense 
black  pigment,  and  in  at  least  four  of  these  (Agassiz's 
larva  of  P.  ciliafa,  loc.  (nt. ;  Andrews'  larva  of 
/■*.  connnensalis,  lSi)l ;  one  sj)ecies  of  Hacker's  Polydora 
larvae,  1898;  and  Polydoia  A  of  tlie  present  paper)  tliey 
are  large  and  ramitied,  as  in  ('laj)arede's  larvae,  whilst 
in  the  remaining  two  species  (one  of  lliudcer's  species  of 
Polydora  hwvim,  1898;  and  Polydmo  li  of  lli(>  |)resent 
jiaper)  they  are  small,  unbranched,  and  less  (k'linite  in 
outline  and  arrangement. 

Differences    in     tlic    shape    and    airangenieni     of    tlu; 
large   ramified    pigment    aieas,    and    in    I  he   disposition    of 
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the  gills  show  that  Claparede's  larva  cannot,  however,  be 
of  the  same  species  as  Agassiz's,  and  Leschke  (1903  :  pp. 
118-121;  PI.  VI.,  figs.  l-(j),  who  has  described  the 
development  of  P.  ciliata  from  the  &^g,  states  that  the 
larva  of  this  species  resembles  those  described  by 
Agassiz.  The  early  stages  described  by  Leschke,  more- 
over, differ  markedly  from  those  described  by  Claparede, 
in  that  the  Trochophore  bears  no  setae  at  all,  a  stage 
with  the  rudiments  of  three  intertrochal  segments 
(Leschke,  loc.  cit.  :  PI.  YL,  fig.  4)  bearing  short  setae, 
which  only  reach  their  full  dimensions  in  the  stage  with 
three  completely  developed  segments  (loc.  cit. :  PI.  VI., 
fig.  5).  Claparede  himself  accepted  Agassiz's  removal  of 
his  "  Leucodora  "  larva  from  the  genus  Polydora 
{  — Leucodora) ,  and  in  conjunction  with  Mecznikow 
described  another  larva  (1809:  p.  175;  PL  XII.,  fig.  -"5) 
as  that  of  Polydora.  But  the  difference  between  this 
larva  and  Agassiz's  is  far  greater  than  that  between  his 
original  "Leucodora"  larva  and  the  latter;  and  a 
comparison  between  his  figure  of  it,  and  PI.  IV.,  figs.  41, 
42,  and  43a  of  the  present  paper  will  jirove  at  once  that 
it  is  really  the  larva  of  Pcctinaria,  and  that  the  s])ecial 
setae  supposed  to  belong  to  the  fifth  segment  are  in 
reality  the  paleae  of  this  worm,  which  develop  internally 
in  the  position  shown,  and  ajipear  fully  formed  at  the 
anterior  end  during  metamorphosis  as  described  below. 
De  Saint-Joseph  (1894:  pp.  63-4;  PL  III,  fig.  73) 
describes  a  larva  which  he  says  is  identical  with  Agassiz's 
larva  of  P.  ciliata.  The  larvae  figured  by  Cunningham 
and  Ramage  (1887:  PL  XXXVII.,  figs.  21,  2.J)  as 
advanced  larvae  of  Nerine  cirratvlus,  differ  greatly,  as 
pointed  out  above  (p.  G15)  from  the  larva  of  this  species 
figured  b}^  Claparede  and  Mecznikow  ;  and  as  nototrochs 
occur  on  every  segment  after  the  2nd,  and  gastrotrochs 
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on  ilio  -{rd,  otli,  Ttli,  aiul  lOtli  se<^ments,  exact!}*  as  in 
the  Port  Erin  Polydord  larvae  (those  on  the  -Ird  seg-nient 
being,  moreover,  rather  smaller  than  the  rest,  as  in  the 
Port  I'^rin  larvae),  it  is  likely  that  these  also  belong  to  a 
species  of  Vohjdora . 

Magelonid^. 

Magelona  (PI.  III.,  tig.  39).  X  e  e  t  o  s  o  m  a  .—The 
nectosoma  stages  of  Magelona  have  been  fully  described 
by  Claparede  (186'.:  pp.  74-77;  PI.  X.,  figs.  9-14;  PI. 
XI.,  figs.  1-2),  and  subsequently — under  the  name 
Prionospio  foni/s  by  Fewkes  (1885:  pp.  1()7-172;  PI. 
I.);  that  Fewkes"  larvae  belong  to  the  genus 
Magelona  and  not  to  Prionospio  has  been  pointed  out  by 
(jiard  (188G :  "  Sur  le  development  de  Magelona 
pa pillicornis  "  ;  Bull.  Sci.  du  Nord,  XVII.,  p.  98). 
Mcintosh  has  also  examined  some  stages  in  the 
development  of  this  larva  (1894:  pp.  06-71;  PI.  VIII., 
figs.  l--'5).  The  youngest  stages  known  appear  to  have 
been  described  by  Claparede  only.  On  PI.  X.  (fig.  9)  he 
figures  a  larva  about  l,00OAt  in  length,  the  mouth  is  wide 
and  occupies  the  whole  of  the  extreme  front  end  of  the 
liead  ;  it  is  surrounded  by  long  cilia,  and  the  ventral  lip 
is  deeply  cleft.  A  tuft  of  long  cilia  occurs  a  little  in 
front  of  each  of  the  pair  of  bunches  of  long  provisional 
setae  with  which  tlie  first  segment  is  armed.  The  first 
19  segments  each  carry  a  ventral  band  of  cilia  near  their 
po>lcri(»i  iiiaigins,  and  aic  followed  l)y  tliicc  ahoclial 
scgmcnlv,  and  the  anal  segment  with  a  very  siiong  band 
of  cilia.  Xo  tentacles  have  yet  appeared,  and  setae  are 
confined  to  the  first  segment. 

The  earliest  stage  seen  by  Fewkes  was  2000-3000/z  in 
length,  and  in  it  all  the  cilia  a])])i'ar  to  have  atrophied. 
Very    long,    slcnih-r    Imtacles,    covered    with    spine-like 
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papillae  have  appeared  hy  this  time,  and  in  addition  to 
the  very  long  setae  of  the  first  se^jnient,  somewhat 
shorter  ones  are  present  on  the  remaining  segments  with 
the  exception  of  a  few  at  the  posterior  end  which  never 
develop  any  provisional  setae  at  all.  The  youngest  larva 
from  Port  Erin  is  in  this  stage  ;  it  is  probably  contracted, 
and  is  only  IjSOOyu  in  length  and  150/x  in  breadth;  the 
head  is  rounded  in  front  and  bears  a  pair  of  tentacles 
about  equal  to  the  body  in  length,  but  only  bOfi  in 
breadth.  Two  regions  can  be  recognised  in  the  tentacles: 
a  short  proximal  part,  lOOfi  long,  which  stains  rather 
deeply,  and  a  long  distal  part  with  very  slight  affinities 
for  borax-carmine.  The  latter  is  a  purely  larval 
structure,  and  is  shed  after  the  former  has  reached  a 
length  of  150/u,  and  has  beguii  to  show  the  characteristic 
papillate  appearance  of  its  anterior  surface.  These 
papillae  on  the  permanent  part  of  the  tentacle  are  thick 
and  flesh}',  differing  markedly  from  the  spine-like 
processes  that  are  scattered  over  the  purely  larval  region. 
During  this  time  the  long  provisional  setae  of  the 
first  segment  reach  a  length  of  1,000/x,  and  many  of 
those  of  the  nine  succeeding  segments  are  shed  and 
replaced  by  dorsal  and  ventral  tufts  of  shorter  permanent 
ones.  These  ten  segments — not  eight  as  in  ("laparede's 
larvae  (loc.  cit.  :  p.  76;  PI.  X.,  fig.  12),  or  nine  as  in  the 
adult  form  described  by  Mcintosh  (1878:  pp.  402-3) 
form  a  distinct  anterior  region  of  the  body.  A  middle 
region,  composed  of  four  (sometimes  five)  segments, 
retains  the  provisional  setae  for  a  longer  period  (see 
PI.  III.,  fig.  u9j,  and  crotchets  instead  of  capillary 
setae  ultimatel}-  replace  them  ;  the  neuropodial  crotchets 
appear  before  the  notopodial  in  this  region.  The 
remaining  segments  form  a  posterior  part  of  the  body 
in  whicli  no  provisional  setae  develop.     At  about  the  time 
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of  tlu>  appearance  of  the  iieuropodial  crotcliets  of  the 
middle  region,  both  neuropodial  and  notopodial  crotchets 
appear  in  the  posterior  part. 

The  posterior  region  is  terminated  hy  a  conical  caudal 
appendage,  situated  dorsally,  which  seems  to  have  heen 
overlooked  by  Fewkes  but  is  described  by  Claparede  (loc. 
cit.  p.  76;  PI.  X.,  fig.  14).  The  last  "segment"  in 
Fewkes'  figs.  10.  11,  I'l,  probably  represents  this 
appendage,  being  devoid  of  parapodia.  ^Xone  of  the  Port 
I'h'in  specimens  show  the  broad  terminal  "  segment  "  of 
Fewkes'  figs.  12,  12a,  perhaps  because  they  are  not  old 
enough.     The  anus  opens  ventrally  on  tlie  last  segment. 

In  Fewkes"  larvae  three  crotchets  "  arise  from  the 
dorsal  region  of  the  parapodium.  In  addition  to  these 
a})pendages  the  posterior  body  segments  also  bear  on  a 
ventral  (devation  smooth  spines  siniihir  lo  tliose  on  the 
anterior  and  middle  regions  "  (loc.  cit.  ]).  171).  In  balsam- 
preparations  of  the  Port  Erin  larvae  I  have  beeii  unable 
to  find  any  capillary  setae  on  either  the  middle  or 
posterior  body-regions.  Fewkes  also  found,  in  the  case  of 
the  provisional  setae,  that  those  of  the  anterior  region 
(except  the  first  segment)  were  completely  lost  at  a  com- 
paratively early  stage,  and  in  this  his  observations  are  in 
agreement  with  ihoso  of  Claparede.  S])ecimens  from 
Port  Erin,  however,  show  these  setae  even  after  the  loss 
of  the  larval  tentacles.  This  is  probably  another  example 
of  the  great  variability  in  tlie  time  at  which  such 
phenomena  occur  in  S])ioniform  larvae  (see  above,  pp. 
(iO!)  and  (ilO),  a  fact  noted  liy  Mcintosh  in  this  pailiculai- 
f(jnnection  (1(S94 :  p.  GO). 

A  "  Magelona-like  "  larva  has  been  described  from 
the  Cape  Verde  Islands  by  Hiicker  (1898:  pp.  20-28; 
TM.  TI.,  fig.  19).  TJic  larval  tentacles  of  this  form  each 
bear   a  prominent    swelling   about   one-third    of  tlie   way 
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along  towards  their  distal  ends,  wliich  extend  beyond  the 
posterior  end  of  the  body  when  held  straight  out,  and 
even  then  are  not  as  long  as  the  setae  of  the  first  segment. 

Ch.^topterid.e  (PI.  IV.,   figs.   12-14). 

A  mesotrochal  larva,  probably  that  of  Chaeto])teriis, 
is  fairly  plentiful  in  the  Port  Erin  plankton  during  July. 
In  life  it  is  covered  all  over  with  short  (10/z)  cilia,  and 
bears  first  one  and  then  two  bands  of  longer  (100/x)  cilia; 
the  head  bears  three  pairs  of  small  025aque  red  eye-spots, 
an  anterior  pair  placed  near  together  on  either  side  of 
the  middle  line,  and  two  closely  approximated  posterior 
pairs  placed  one  behind  the  other  at  the  sides  of  the  head. 
Long  rigid  cilia  occur  (singly  ?)  between  the  two  anterior 
eyes  and  in  other  places  upon  the  head,  but  their  distri- 
bution is  very  hard  to  determine  on  account  of  opacity. 
The  body  is  terminated  at  the  posterior  end  by  a  caudal 
appendage  whose  shape  and  movements  show  a  striking 
resemblance  to  the  "  foot  "  of  a  Rotifer  ;  this  is  almost 
always  completely  retracted  in  fixed  specimens. 

T  r  o  c  h  o  p  h  0  r  e  . — The  youngest  stages  found  are 
400y«  by  300/i  in  size  when  contracted  (PI.  IV.,  fig.  12). 
The  mouth  is  very  large,  and  is  overhung  in  front  by 
the  broad  hood-like  head  and  bounded  behind  by  a  deeply 
cleft  under-lip.  It  leads  through  a  funnel-shaped 
oesophagus  (directed  backwards)  into  the  stomach,  and 
thence  into  a  short,  broad  and  very  thin-walled  rectum  ; 
both  these  last  already  contain  diatoms  and  other  food- 
material  from  the  exterior. 

A  single  band  of  strong  (100/u)  cilia  is  present 
encircling  the  larva  in  the  plane  of  the  pjdorus ;  this 
"  mesotroch  *'  is  characteristic  of  larvae  of  the  Chaetop- 
teridae. 

Metatrochophore  .-A  second  l)aiid  of  power^ 
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fill  (100/1 )  cilia  appears  a  little  beliind  the  first,  and 
shortly  after  this  the  re<jion  hetween  the  mouth  and  the 
anterior  of  these  bands  becomes  marked  out  into  segments 
by  the  appearance  of  successive  rows  of  setae,  the  anterior 
setae  of  each  row  beings  short  and  the  siicceedinji^  ones 
eacli  a  little  long-er  than  the  one  in  front  (PL  IV.,  fig'. 
13);  in  the  oldest  specimen  seen  too  (l,150/i  by  !)00/i  in 
size  when  contracted),  the  sj)ecial  stout  setae  of  the  fourth 
chaetigerous  segment  are  visible  embedded  in  the  body- 
wall.  Between  the  second  band  of  ])()werful  cilia  and  ilie 
caudal  apjiendage  <leeply-s1aining  segments  are  formed. 
Whilst  segmentation  is  in  progress  the  deeply-cleft  under- 
lip  grows  more  rapidly  than  the  prostomium  (compare 
PI.  IV.,  tigs.  12  and  I'))  till  in  the  oldest  specimen  seen 
(PI.  IV.,  hg.  14)  the  mouth  is  terminal,  and  being  of 
enormous  size  occupies  the  whole  of  the  anterior  end  of 
the  body.  In  this  specimen  a  pair  of  tentacles  have 
begun  to  develop  on  the  dorsal  suiface  of  the  head,  a  shoit 
distance  from  its  anterior  margin. 

In  specimens  of  these  later  stages,  whicli  wcie 
examined  alive,  the  long  rigid  cilium,  situated  close  to  the 
anterior  margin  of  the  prostomium,  between  the  anterior 
eyes,  appeared  to  be  feeling  about  in  front  of  the  animal 
as  it  moved  along.  One  of  these  larvae,  also,  was  seen  to 
lake  inl(»  its  nmntli  a  good-sized  c()])e[)()d  and  swallow  it; 
whilst  aCeiatiuni  and  a  sponge-spicide  entered  the  mouth 
f)f  another,  but  were  rejected.  It  was  furthei'  noticed 
thai  the  bands  (if  pfjwerful  cilia  were  broken  in  the  mid- 
vent  i-al  line  and  that  a  groove,  apparently  ciliated  exactly 
like  the  general  surface  of  the  body,  extended  forwards 
from  the  anus  towards  the  moiitli  through  the  gaps  thus 
left.  From  Wilson's  account  of  the  larvae  of  Chnetop- 
fn'iis  //rrf/tii/iciifiicciis  (1(S,S2:  pp.  'JiSfj-fi)  it  wiuild  appeal' 
lliat  IJiis  is  the  case  also  in  llir  farlv  sla^'c.  when  (nil\'  I  lie 
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first  of  tlie  two  bands  of  powerful  cilia  is  present ;  but 
none  of  these  early  larvae  have  been  examined  alive  at 
Port  Erin. 

Further  stages  in  the  development  of  these  larvae 
than  that  shown  in  PI.  IV.,  fig.  14,  I  was  unable  to 
follow.  Beraneck  (1894),  however,  has  described  the  later 
stages  of  another  species  of  (Jhaetoptiriis.  The  earliest 
stage  observed  by  this  author  corresponds  roughly  to  the 
latest  stage  described  above,  but  diifers  from  it  in  that 
the  segments  of  the  anterior  body  region  (i.e.,  the  part  in 
front  of  the  first  mesotroch)  are  already  indicated  in  the 
outlines  of  the  body,  but  as  yet  bear  no  setae.  Subse- 
quently the  region  in  front  of  the  anterior  mesotroch  is 
shown  to  give  rise  to  the  anterior  region  of  the  bod}',  the 
segment  between  the  two  mesotrochs  to  the  segment 
bearing  the  wing-like  lateral  processes,  and  the  remainder 
to  the  rest  of  the  middle  and  the  whole  of  the  posterior 
body-regions  of  the  adult. 

The  development  of  CliaetopteTus  from  the  ovum  to 
the  Trochophore  has  been  fully  worked  out  for 
Chaetopterus  variopedatus,  Ren.  [pergamentaceus ,  Cuv.)  by 
Wilson  (1882).  He  notes  the  existence  of  a  temporary 
mesotroch  (anterior  to  and  developed  earlier  than  that 
retained  in  the  latest  trochophore  stages),  and  imme- 
diately behind  this  a  pair  of  lateral  flagella,  which  also 
disappear  during  the  trochophore  stage  ;  these  temporary 
structures  appear  in  the  earliest  Trochophores  (one  to  five 
days),  which  show  a  ventral  mouth  of  normal  size  leading 
through  an  oesophagus  anteriorly  to  the  stomach  as  in  the 
Trochophores  of  less  modified  worms.  Apical  and  anal 
tufts  of  long  cilia  are  present,  the  latter  being  carried 
backwards  on  the  end  of  the  caudal  appendage  as  this 
develops. 

Subsequently    the    UKnilli     is    enlarged    niid    ])\islied 
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forwards  so  that  tlie  now  funnel-shaped  oesophagus  passes 
backwards  instead  of  forwards,  to  open  into  the  stomach, 
which  on  the  third  day  comes  to  open  to  the  exterior 
through  a  short  rectum  exactly  as  in  the  Port  Erin  form. 
Wilson  also  describes  (loc.  cit.,  pp.  286-8;  PI.  XXII., 
tigs.  8.5-88;  PL  XXIII.,  fig.  9)  a  few  later  stages  of  a 
larva  provisionally  referred  by  him  to  the  genus 
f^piochactojjtcrits.  Tlie  larvae  of  Telepmviis  and 
?  PhylIoch(i('foj)feriis  aie  described  by  Claparede  and 
Mecznikow  (18(19:  pp.  178-182;  PL  XIV.,  figs.  1-lE,  and 
2)  and  by  Fewkes  (1885:  pp.  177-180:  PL  III.,  figs. 
5-19).  The  caiidal  appendage  is  present  in  both  forms; 
only  one  mesotrocli  is  present  throughout  the  development 
of  the  former. 

III.— TEREBELLIFOEMIA. 
Amphictenid.15. 

Pectinaria  (PL  IV.,  figs.  40-47).— Mel  a  t  r  o  c  h  o - 
p  h  o  r  e  I  . — Xo  Trochophore  of  this  worm  has  been  seen, 
but  the  youngest  Metatrochophore  (250//  by  190/>t)  shows 
little  trace  of  segmentation  and  can  be  only  just  beyond 
the  trochophore  stage.  It  is  ovate  in  shaj)e,  the  posterioi- 
end  being  slightly  narrower  than  the  antei-ior.  The 
prostomium  is  rounded  and  covered  with  black  pigment 
spots  which  tend  to  be  aggregated  into  a  band  encircling 
it  just  in  front  of  the  prototroch,  which  is  slightly  raised 
above  the  mouth  (fig.  40).  Segmentation  is  only  indicated 
by  unilateral  transverse  rows  of  ])ignu'nt  spots  on  the 
j)osterior  })art  of  (he  larva.  The  anus  is  bordered  dorsally 
and  laterally  by  a  horseshoe-shaped  ridge  thickly  covered 
with   pigment   spots. 

A  slightly  older  lai'va  (300/i  by  200yu)  is  shown  in 
J'l,    l\.,   fig.    10;    this  (litVeis  fiom   the  ])i'evious  stage;  in 


roLYCllJ5T     LARV.i:.  685 

that  tliere  is  now  a  marked  enlargement  of  tlie  body 
immediately  behind  tlie  prototrocli :  the  cells  in  this 
region  appear  to  contain  large  vacuoles. 

In  life  the  cilia  are  arranged  as  shown  in  PI.  IV., 
fig.  40,  and  a  pair  of  opaque  reddish-brown  eye-spots  are 
present  on  the  head  (PI.  IV.,  fig.  40).  The  cilia  of  the 
prototrocli  are  lofi  long,  and  are  very  powerful :  at  the 
apex,  or  slighth'  dorsal  to  it,  is  a  tuft  of  cilia.  The 
mouth  is  bordered  by  large  lips,  which  differ  from  those 
of  the  Spioniform  larvae  in  that  they  are  situated  entirely 
behind  the  prototrocli,  as  in  the  larvae  of  Polyno'e ;  and 
from  those  of  the  larva  of  Polyno'e  in  that  they  close  in 
the  mouth  laterally  as  well  as  on  the  anterior  side.  These 
lips  are  bordered  and  covered  on  the  inner  side  with  cilia 
'^Oyu  long;  and  at  the  posterior  angle  of  the  mouth  in  the 
mid-ventral  line  there  is  a  tuft  of  40 At  cilia  (see  PL  lY., 
fig.  4Tc,  showing  the  lips  of  an  older  larva,  from  which 
these  measurements  were  actualh^  taken).  The  lips  are 
almost  always  retracted  in  preserved  specimens,  though 
the  larva  shown  in  PI.  IV.,  fig.  41,  has  died  with  them 
extendetl,  and  with  the  anterior  part  of  the  oesophagus 
protruded  beyond  them ;  the  tumid  posterior  wall  of  the 
protruded  oesophagus  in  this  specimen  is  much  vacuo- 
lated ;  the  ridge  encircling  the  organ  probably  represents 
the  margin  of  the  lips  when  normally  extended.  In  life  the 
lips  are  almost  invariably  held  extended  to  an  even  greater 
extent  than  is  shown  in  Pi.  IV.,  tig.  40,*  and  give  the  larva 
a  very  characteristic  appearance  that  is  well  brought  out 
in  Willemoes-Suhm's  figure  of  an  advanced  larva  (1871 : 
PL  XXXI.,  fig.  11),  which,  however,  he  has  neither 
identified  nor  described.  The  anus  is  closely  surrounded 
by  extremely  delicate  short  cilia  ;  ventral  to  the  anus  is  a 

*  Subsequent  observations  suggest  that  in  full  extension  a  trough- 
shaped  structure  is  protruded  beyond  the  lips,  but  on  account  of  its  extreme 
sensitiveness  I  have  been  unable  to  examine  it  very  closely. 
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little  spherical  projection  (PI.  IV.,  fig.  47;  S2)h.)  situated 
between  tlie  arms  of  the  horseshoe-shaped  anal  ridg-e 
{An.  /?.),  and  immediately  in  front  of  this  projection  is  a 
tuft  of  20/U  cilia  [T.C .  Ntr.)  from  which  a  ueurotroch 
i-^ty.)  of  8/ii  cilia  extends  forwards,  to  end  a  little  behind 
the  mouth  in  a  short  transverse  row  of  lO/x  cilia  (PI.  IT., 
fig.  47c;  C.  trans.).  The  telotroch  is  situated  anterior  to 
the  posterior  end  of  the  neurotrocli.  ^Fhe  larva  grows 
considerably  both  in  length  and  in  breadth,  and  food 
material  from  the  exterior  may  be  found  in  the  stomach. 
When  the  lips  are  contracted,  larvae  of  the  age  of  that 
shown  in  PI.  IV.,  fig.  41,  are  about  43fl/u  long  by  -lOO/i 
maximum  breadth.  The  paleae,  or  large  setae  that 
project  forwards  from  the  anterior  end  of  the  aduK,  may 
be  seen  developing  in  the  dorsal  body-wall  on  each  side  of 
these  larvae,  witli  their  pointed  distal  extremities  clo^e 
behind  tlic  preoral  baud  and  theii-  bases  several  segments 
further  back.  The  horseshoe-shaped  ridgo  on  the  posterior 
surface  of  the  anal  sen^ment  is  considorablv  enlarged;  as 
before  it  is  covered  with  pigment  spots. 

M  e  t  a  t  r  0  c  h  o  p  h  o  r  e  II. — The  setae  .usually 
ai)pear  at  about  the  ])cii()d  of  developnicnl  of  the  h(iv;i 
seen  in  PI.  I\'.,  fig.  41,  tliougli  one  larva  willi  tcwcf 
segments  than  this  lias  setae  winch  have  a]it'ad\-  attained 
their  full  length  foi-  the  huval  peii'id  (NO/u).  The  bodv 
next  becomes  inoic  chngatcd:  the  setae  all  attain  their 
full  (larval)  size:  and  a  dcHnite  ivgion  appeals  between 
the  last  of  the  (diaetigerous  segments  and  the  anal  scj^'iiicnt 
(Pi.  IV.,  figs.  42  and  4-'>b).  This  region  bears  no  pigment 
s])ots,  and  shows  a  vei-y  short  anteiior  ]tai't,  consisting  of 
one  segment  like  those  antiM-ioi  to  it,  exce])t  for  the 
absence  nf  pigment  and  setae,  and  a  longer  (100//) 
posterior  part  the  ludiment  of  the  scapha — which 
already  shows  traces  of  lateral  [)ro<;esses  in  the  s])ecimeii 
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from  Avliicli  fig.  -i-J  was  drawn.  The  large  paleae 
become  more  conspicuous ;  tlieir  position  relative  to 
the  segments  is  as  before,  the  kite-shaped  area  w^hich 
they  occupy  having  diagonal  measurements  of  300/u  by 
9U/i.  They  are  arranged  as  shown  in  PI.  lY.,  fig.  4-ja  : 
four  lie  close  together  throughout  their  whole  length,  and 
have  their  distal  extremities  curled  round  the  point  of  a 
short  straight  fifth  sjjine ;  the  sixth  is  very  hard  to  dis- 
tinguish— in  fact,  it  is  very  doubtful  whether  it  is  really 
present  at  all  yet — and  is  therefore  indicated  by  dotted 
lines  only.  This  stage  is  the  one  figured  by  Willemoes- 
Suhm  (see  above),  and  is  much  more  common  than  the 
others,  whence  it  may  be  inferred  that  it  marks  a  period 
of  quiescence  preparatory  to  metamorphosis. 

Metamorphosis  . — From  the  fact  that  during 
my  1907  visit  to  Port  Erin  I  only  obtained  a  sinarle 
specimen  intermediate  between  the  last-mentioned  stage, 
and  the  secretion  of  the  tube  by  an  almost  fully  developed 
worm,  it  seemed  probable  that  a  rapid  metamorphosis 
occurred  at  this  point  in  the  life-history.  This  single 
specimen  is  shown  in  PI.  IV.,  fig.  44.  The  umbrella  is 
much  reduced  in  size,  and  appears  somewhat  shrunken  ; 
the  ciliated  band  is  raised  above  the  mouth  on  a  pair  of 
prominences;  the  oesophagus  appears  to  be  partially 
everted.  The  paleae  have  broken  through  the  dorsal 
bodj'-wall  at  about  the  middle  of  the  first  segment,  as 
indicated  by  the  lines  of  pigment-spots,  the  larva  being 
now  much  broader  here  than  in  the  plane  of  the  proto- 
troch;  the  presence  of  the  sixth  of  the  paleae  is  still 
doubtful.  Lateral  to  the  groups  of  paleae  a  pair  of  short 
tentacles  (HO/j.  by  15 fi)  are  now  to  be  seen  (PL  lY.,  fig, 
44:   T.Iat.). 

The  scapha  appears  in  profile  as  a  region  devoid  of 
pigment  and  segmentation  ;   the  cilia  of  the  telotroch  are 
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greatly  reduced  possibly  absent;  the  anal  ridge, 
howerer,  is  still  fulh'  developed  and  covered  witli  black 
pigment  spots.  Xo  setae,  except  the  paleae,  can  be  seen 
in  this  specimen,  but  no  doiibt  this  is  due  to  their  being 
placed,  in  the  mounted  and  rather-  deeply  stained 
specimen,  so  as  to  occupy  a  position  above  the  body,  or  to 
their  having  been  shed  during  fixation;  I  have  therefore 
inserted  them  in  the  figuie  in  the  position  they  occupy  in 
larvae  during  the  (juiesccnt  period  immediately  before 
metamorphosis. 

During  my  visit  to  Port  Erin  in  1908  I  had  the  good 
fortune  to  see  something  of  the  metamorphosis  in  progress 
in  a  living  larva.  From  a  plankton  collection  taken  on 
August  1,  a  number  of  Polychaet  larvae  were  picked  out 
as  usual,  and  placed  in  fresh  sea  water  in  a  crystallising 
dish  from  which  they  were  taken  for  examination  one  by 
one.  Amongst  these  was  ;iii  advance  1  ^IctatioilHiiilunc 
of  Pcctintirid,  which  towai-ils  the  end  of  the  morning  ])rc- 
sented  a  slightly  abnormal  appearance,  giving  me  the 
impression  (when  seen  \inder  a  low  power  of  the  micro- 
scope) that  it  would  not  live  much  longer,  and  would 
even  then  be  of  no  use  for  detailed  examination  ;  this 
was  not  at  all  surj)rising,  for  the  larvae  usually  showed 
such  signs  of  deterioration  after  five  or  six  honis,  and 
even  soonci'.  However.  Ilie  larva  was  allowed  to  remain 
in  the  crystallising  disli,  ;in(l  when  1  again  saw  it  under 
the  microscope,  afiei-  an  interval  of  about  half  an  hour,  I 
found  that  its  pre\ious  abnoi-nnil  appearance  had  been 
due  lo  the  fact  that  it  iiad  ])een  in  :in  early  stage  of  the 
metamorphosis  which  it  had  now  almost  completed.  The 
metamorphosis  was,  indeed,  so  far  advanced  that  I  decided 
to  fix  th(;  larva  at  once,  and  so  only  gave  it  a  cursor}' 
examination  with  the  low  powei-  during  life.  This  larva 
is  shown   in    I'l.    1\.,    Ii<r.    I.^   J',,,|ii    wliidi    i(    will    he  si'eii 
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that  the  paleae  now  project  forwards  as  in  the  adult,  and 
that  the  umbrella  is  much  further  reduced  than  in  the 
earlier  metamorphosis  stage  described  above ;  in  fact  the 
creature  bears  a  closer  resemblance  to  the  adult  than  to 
the  larval  form.  A  median  tentacle  4:0 ju.  long  has 
appeared  at  the  anterior  extremity  of  the  prostomium — 
the  apical  pole  of  the  larva.  A  little  behind  this  on  the 
ventral  surface  are  a  pair  of  laterally-  compressed  lobes 
(PL  TV.,  fig.  45;  L.) ;  these  are  probably  developed  from 
the  lobes  above  the  mouth  over  which  the  prototroch 
extends  in  the  previous  larva ;  their  identification  is 
rendered  a  little  uncertain  however  by  the  fact  that  in 
the  present  larva  the  prototroch,  which  was  only  visible 
during  life,  seemed  to  be  situated  immediately  behind 
them.  The  cilia  of  the  prototroch  were  no  longer  active — 
it  is  of  course  possible,  though  I  think  not  probable,  that 
this  was  entirely  due  to  the  leugtli  of  time  that  the  larva 
had  been  kept  in  confinement ;  the  creature  was  quite 
active  otherwise,  and  twisted  backwards  and  forwards 
very  vigorously. 

The  lips,  usually  so  conspicuous  in  the-  living  larva, 
were  not  seen  at  all  in  this  specimen.  The  black  pigment 
spots  of  the  larva  have  disappeared  completely  from  the 
prostomium,  and  to  a  considerable  extent  from  the  body 
as  well  (compare  PI.  IV.,  figs.  42-44  with  figs.  45-46).  A 
pair  of  tentacles  is  present  lateral  to  the  paleae.  Uncini 
are  just  distinguishable  in  the  body-wall.  The  creature 
had  not  begun  to  construct  its  tube  when  killed. 

Tube-secreting  stage.  —  Several  little 
worms  in  their  tubes  were  taken  at  the  surface,  and  one 
of  these  is  shown  in  PI.  IV.,  fig.  46.  The  pair  of  ventral 
outgrowths  of  the  head  seen  in  the  second  of  the 
metamorphosis  stages  described  above  are  held,  in  fixed 
specimens,  close  against  the  body  (PI.  IV.,  fig.  46;  L.), 
but  can  be  extended  out  from  the  body  during  life. 
'I'l' 
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The  extent  to  whifh  the  h^rval  rows  of  black 
pigment-spots  are  retained  varies  considerably  in  the 
different  specimens,  they  being  in  some  confined  to  a 
patch  on  each  side  of  every  segment  (as  in  fig.  4(5),  and 
in  others  quite  as  fnlly  developed  as  in  the  second 
metamorphosis  stage  described  above  ;  pigment-spots  are 
now  also  irregularly  scattered  over  the  anterior  part  of  the 
ventral  surface,  and  a  very  variable  number  of  larger 
(20-bOfJi  diameter)  patches  are  present  on  the  dorsal 
surface  of  the  anterior  segments.  One  pair  of  eye-spots 
may  be  seen  in  living  specimens. 

There  is  no  longer  any  trace  of  the  prototroch, 
unless  it  is  represented  by  two  sliort  rows  of  small  cilia 
that  are  situated  one  on  each  side  of  the  head.  The  short 
straight  capillaries  of  the  larva  persist  as  the  dorsal 
setae  of  the  tubicolous  form ;  ventral  uncini  are  also 
present.  The  scapha  (PI.  IV.,  fig.  46;  Sc.)  bears  a  single 
median  posterior  process  and  a  pair  of  lateral  anterior 
ones ;  it  appears  to  retain  a  faint  trace  of  the  telotroch 
in  the  form  of  a  girdle  of  faintly-staining  cells  near  its 
posterior  border  (PI.  lY.,  fig.  46;  l^tr.Y);  the  niial  ridge 
with  its  pigment-spots  has  atrophied. 

The  tube  (l,2()0yu  long)  is  much  lojigcr  than  the 
worm  (HOOfi  long  in  the  fixed  condition,  llic  ])alcae 
projecting  to  an  additional  distance  of  150/i) ;  at  their 
widest  part  both  worm  and  tube  are  250;u  broad.  The 
walls  of  the  tube  are  very  thin  and  transparent,  and  only 
the  most  minute  particles  of  foreign  matter  are  attached 
to  it,  and  these  only  in  very  small  quantities. 

The  development  of  Pectinaria  has  apparently  been 
described  by  Bobretzky  (Yerh.  Ges.  d.  Naturf.  Kiew  ;  Vol. 
YTTI.  :  LS?;'))  but  I  liavt'  not  been  able  to  refer  to  liis 
paper.  Lesclike  (VMY.\:  j).  127:  PI.  YI.,  fig.  l-'J)  also 
briefly  describes  this  and  figures  an  advanced 
Metatrochophore  with    its  lips  extended.     Claparedc   and 
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Mecznikow  describe  and  figure  a  similar  larva,  but  refer 
it  to  tbe  Spioniform  genus  Polydora  (1869:  p.  175;  PI. 
XII.,  fig.  o  :  see  above  p.  641).  Willemoes-Suhm  figures 
another  sucb  larva  (1871:  PI.  XXXI.,  fig.  11),  but  does 
not  identify  or  describe  it. 

CONCLUSION. 

In  the  present  limited  state  of  our  knowledge  of 
Polychaet  larvae  it  would  be  futile  to  attempt  to  give  a 
diagnosis  of  the  larval  characteristics  of  the  different 
families  and  genera  of  Polychaets.  In  the  vast  majorit}" 
of  genera  the  earh'  stages  are  quite  unknown,  and  where 
anything  is  known  of  them  it  is  confined  to  a  very  small 
})roportion  of  the  known  adult  species.  A  table  for  the 
identification  of  the  above  described  species  from  Port 
Erin,  however,  will  form  a  convenient  summary  of  their 
most  useful  characters  for  systematic  purposes ;  and 
w/ierever  jwssihle  the  particular  characters  given  will  be 
those  that  at  present  seem  most  likely  to  be  of  general 
application. 

As  I  have  only  been  able  to  describe  the  trochophore 
stage  in  any  detail  in  two  of  these  larvae,  and  as  the 
latest  pelagic  stages  of  the  Xereidiformia  are  characterised 
chiefl}'  by  the  characters  of  the  adult,  the  following  table 
will  deal  specially  with  the  metatrochophore  stage,  or 
in  the  Spioniformia  with  this  and  the  nectosoma  stage; 
references  to  any  special  characters  of  the  other  known 
stages  will  be  enclosed  in  brackets. 

It  should  be  noted  that  many  of  the  characteristics 
mentioned  are  intimately  connected,  or  even  identical 
with  those  of  the  adult  worm,  and  therefore  cannot  be 
used  as  embryological  evidence,  independent  of  adult 
structure,  for  or  against  any  particular  scheme  of 
Polychaet  classification. 
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Table  for  the  Identificatiok  of  Pelagic   Polychaet 

(METATROCHOrilORE)  LaRVAE  OCCURRING  IN  PoRT  ErIN 

Bay  during  July.* 

1.  Larva  mesotrochal :  Chaetopteridae. 

Larva  cylindrical,  with  four  well- 
developed  ciliated  bauds  :  t  ?  Syllidae. 

Larva  not  as  above: 

2.  Long  provisional   capillary   setae 

present ;  body  usually  slender  : 


(2) 


C'Metachaetae," 

Clap.)- 


(6) 


Prostomium  and  anal  segment 
bearing  numerous  black 
pigment-spots;  each  iuter- 
trochal  segment  with  a  girdle 
of  similar  spots ;  bod}'  com- 
pact ;  no  provisional  setae  :  t 

Body  usually  compact ;  neither 
provisional  setae  nor  numerous 
black  pigment  spots  : 

3.  Prototroch   replaced    by 

band  of  cilia  :  § 

True  prototroch  present : 

4.  Body       very       compact; 

htrongly  toothed;  rudiments 
of  elytra  present ;  (Trocho- 
phore          monotrochal  and 

characterised  by  overhanging 
upper  lip,  and  presence  of 
simple  akrotroch,  neurotroch, 
and  rirclef  of  apical  cilia)  : 


Pectinaria. 


(Nereidiformia).  (3j 


a    broad 


setae 


Eunicidae. 


(*) 


Polynoidae. 


•■  A  few  species  have  l)een  found  which  are  not  described  above,  or 
inchided  in  this  table.  They  are  all  of  rare  occiurence,  and  the  table  will, 
1  believe,  be  found  sufficient  to  refer  them  to  their  systematic  position 
with  as  much  precision  as  is  possible  in  the  absence  of  a  sufficit-nt 
description. 


Ilii 


hv 


^luUt 


t  Later  stages   i-.h;iracterised  chiefly,  aceordiiL^  t( 
sickle-shaped  bristle  borne  by  each  parapodiuin. 

J   This  form  remains  pelagic  for  a  short  time  when  tubicolous  after 
a  rapid  metamorphosis. 

S  This  character  will  not  serve  to  distinguish  Hacker's  hiter  stage  of  a 
similar  larva  in  which  adult  characteristics  are  appearing. 
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Two  pairs  of  transparent  conical 
ceplialic  tentacles  present  at 
the ,  anterior  end  of  tlie 
prostomiiim ;  neurotrocli,  and 
T-shaped  akrotroch  with 
"  hook "  of  cilia  present  at 
first ;  (Trochophore  charac- 
terised by  its  great  con- 
tractility, and  by  the  above 
form  of  the  akrotroch)  :  (Phyllodocidae.)  (5) 

Parapodia  uniramous ;  rami 
long  except  in  very  early 
stage ;  each  with  compound 
setae  and  at  least  one  simple 
smooth  seta  (in  many  Syllids 
this  last  distinction  would  ■ 
almost  certainly  not  apply)  :  Syllidae. 
(species  distinguished  by  their 
setae,  see  PL  I.,  figs.  2-4.) 

Dorsal     and     ventral     rami     of 
parapodia     very     short,     with 
smooth     and     frilled     capillary 
setae ;  body  somewhat 

elongated :        '  Nephthydidae. 

5.  Three  pairs  of  tentacular  cirri ; 

larva  rather  small :  Phyllodocid  A 

Four   pairs   of   tentacular    cirri ; 

larva  large  :  Phyllodocid  B. 

No  tentacular  cirri ;  larva  large  :     Phyllodocid  C. 

6.  Larva       with       ventral       mouth 

bordered  by  large  lateral  lips 
enclosing  a  "  vestibule  "  and 
causing  a  ventral  break  in 
the  continuity  of  the 
prototroch ;  a  pair  of  simple 
tentacles  appear  close  behind 
the  prototroch  in  the  later 
stager ;  (the  Trochophore  of 
Nerine  cirratulus  is  enclosed 
in  a  vitelline  membrane 
characteristic  of  the  species):  (7) 
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Larva  with  anterior  broad 
chaetig'erous,  middle  naiTOw 
cliaetig-eroiis,  and  posterior 
narrow  achaetiweroiis  body- 
regions  ;  a  pair  of  tentacles 
present,  ultimately  papillate 
on  tlie  anterior  surface,  and 
each  in  early  stages  continued 
into  a  remarkably  long  larval 
tentacle  set  with  spine-like 
papillae;  devoid  of  cilia;  (the 
earliest  stages  known,  accord- 
ing to  Claparede,  have  a  wide 
anterior  gaping  mouth,  and 
are  polytrochal)  : 

Nototrochs  present  on  all 
segments,  gastrotrochs  on 
segments  5,  7,  10,  I'J,  15,  IT, 
etc. ;  much  black  pigment ; 
(the  more  advanced  larvae 
show  the  enlargement  and 
special  setae  of  the  oth  seg- 
ment) : 

Distribution  of  cilia  not  as 
above;   or  pigment  absent: 

Kamitied 
intense 
present 

Xo  such  patches  present;  black 
pigment  arranged  in  dis- 
continuous transverse  bands  : 


stellate      patches      of 
black  pigment 


Larva    very    small, 
pairs      of     black 


with  three 
eye-spots ; 
provisional  setae  of  1st 
segment  twice  the  length 
of  the  bodv : 


Tiarva  very  small,  with  one  pair 
of  eye-spots  which  disappear 
in  spirit;  provisional  setae 
shoi"ter  than  the  last : 


Magelona. 


(Polydoridae.)     (8) 
(Spionidae.)         (9) 

Polydora  A. 

Polydora  B. 

Spio. 
Spionid  C. 
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Larva  very  large  and  trans- 
parent ;  in  later  stages 
notopodia  and  neuropodia  of 
segments  7-11  are  decidedly 
longer  tlian  those  of  tlie 
other  segments  :  Spionid  A 

Larva  decidedly  smaller  than 
the  last  and  slightly  more 
opaque ;  segments  as  long  as 
they  are  broad ;  (in  the  latest 
pelagic  stages  branchiae  begin 
to  develop  at  the  anterior 
end) :  Spionid    B. 

Larva  broad  and  rather  short; 
head  produced  forwards  into  . 
a  very  characteristic  "  snout  " 
which  disappears  in  fixed 
specimens;  provisional  setae 
very  stout  and  decidedly 
curved :  Spionid  D. 
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EXPLANATION    OF    PLATES. 


Except  where  otherwise  stated,  the  figures  have  been  drawn 
ill  outUne  with  the  aid  of  a  camera-lucida  from  stained  specimens 
mounted  in  Canada-balsam  ;  and  modifications  and  additions 
have  then  been  inserted  from  rough  sketches  of  the  living  larvae, 
made  in  the  laboratorv  at  Port  Erin. 


EliFBRENCE    LeTTEUS. 


Akr.  =  Akiotroch. 

An.  Sty.  =  .\nal  style. 

Ant.  =  Anterior  mass  of  deeply 

staining  tissue  (brain  rudiment), 
C.  ap.  =  Apical  cilia. 
C.  or.  =  Oral  cilia. 
Cir.  i.,  a.,  in.  =  Tentacular  cirri 

of  segments  one,  two  and  three. 
E.  =  Eye. 
M.  =  Mouth. 
Ntr.  =  Neurotroch. 


Ph.  =  Pharynx,  or  its  rudiments. 

Post.  =  Posterior  masses  of  deeply 
staining  tissue  (first  tissue  to 
show  signs  of  segmentation). 

Pr.  =  Prostomium. 

Ptr.  =  Prototroch. 

5.  =  Setae. 

T.  =  Tentacle. 

Ttr.  =  Telotroch. 

t.,  it..  Hi.,  etc.  =  Primary  segments 
number  one,  two,  three,  etc. 


N.B. — It  will  be  noticed  that  figures  1  to  II  liave  been 
distributed,  a  few  at  the  foot  of  each  of  the  four  plates. 


Plate  L 

Kig.  1.  Sijllid  A. — Metatrochophore,  dorsal  aspect.  X  75. 
The  eye-spots  and  ejlia  as  seen  during  life  (and  as 
shown  here)  have  only  been  seen  in  a  more 
advanced  specimen. 

Kig.  2.  Hyllid  A. — Setae:  (.1)  Simph;  seta;  [B)  Compound 
seta. 

Fig.  3.  Syllid  B. — Setae  [A  and  B)  .Simi)le  setae  ;  {C)  Com- 
pound seta. 

Fig.  4.  Syllid  C. — Setae.  (A)  Sinijile  seta;  (B)  Compoiuid 
seta. 
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Fig.  5.  ?  Syllid. — Optical  section.  X  75.  (From  a  mounted 
specimen  only.) 

Fig.  15.  Polyno'c. — Trochopho re  seen  from  the  right  side.  X  75. 
C,  long  motionless  cilia  ;  Caec,  dorsal  lobe  of 
stomach.     T.  ined.,  median  tentacle  (rudiment). 

Fig.  15a.  Outline  of  ventral  surface  of  the  same  larva  as  fig.  15 
to  show  more  clearly  the  distribution  of  the  cilia. 

Fig.  16.  Pohjnoe. — Metatrochophore,  dorsal  aspect.  x  75. 
EL,  elytra. 

Fig.  17.  Polyno'c. — More  advanced  Metatrochophore,  ventral 
aspect.  >:  75.  EL,  elytron.  T.  nied.,  median 
tentacle  (rudiment). 

Fig.  18.  Polyno'c. — Head  of  Nectochaeta,  dorsal  aspect. 
X  75.  T.  laf.,  lateral  tentacle  ;  T.  vied.,  median 
tentacle. 

Fig.  19.  Polyno'c. — Anterior  end  of  one  of  the  most  adv^anced 
pelagic  stages,  dorsal  aspect.  X  75.  EL,  elytron., 
J.,  jaws ;  P.,  palp ;  T.  lat.,  lateral  tentacle ;  T.  med., 
median  tentacle. 

Fig.  20  A  and  B.  Two  views  of  a  seta  from  the  ventral  tuft  of  a 
Polyno'c  larvae. 

Fig.  21.     Eunicid  larva.      X   75. 


Plate  II. 

Fig.  6.  Phyllodocid  A. — Trochophore  ;  seen  from  the  right 
side.  X  75.  Air.,  T-shape  akrotroch  ;  Med.  HJc., 
its  median  "  hook  "  of  cilia  ;  Ntr.,  Neurotroch — - 
expanded  laterally  to  cover  a  large  area  in  the 
particular  region  indicated  by  the  letters. 


?ig- 

7. 

Phyllodocid  A. — Anterior  end  of  Nectochaeta.  dorsal 
aspect.      X   75. 

Fig. 

7a. 

Phyllodocid     A. — Seta. 

Fig. 

8. 

Phyllodocid  B. — Metatrochophore,  ventral  aspect. 
X   75.     (From  a  mounted  specimen   only.) 

Fig. 

9. 

Phyllodocid   B. — Seta. 
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Fig  22.  Sfionid  A. — Anterior  end  of  one  of  the  most  advanced 
larvae  seen,  dorsal  aspect.  X  60.  (From  a 
mounted  specimen  only.) 

Fig.  23.  Spionid  A. — First  parapodium  of  the  left  side  of  the 
above  larva.  X  80  (diagrammatic  ;  the  full 
length  of  the  long  notopodial  provisional  setae  is 
not  shown). 

Fig.  24.  Spionid  A. — Second  to  third  parapodium  of  the  left 
side  of  the  above  larva.      X  80  (diagrammatic). 

Fig.  25.  Spionid  A. — Left  parapodium  of  one  of  the  4th-6th 
segments  of  the  above  larva.  X  80  (diagram- 
matic*). 

Fig.  26.  Spionid  A. — Left  parapodium  of  one  of  the  7th-llth 
segments  of  the  above  larva.  X  80  (diagram- 
matic*). 

Fig.  27.  Spionid  A. — Parapodium  from  a  larva  in  the  stage 
before  the  differentiation  of  the  parapodia  of 
segments  7-11. 

Fig.  28.  Polydora  A. — Nectosoma,  dorsal  aspect.  X  75  ;  stage 
at  which  the  tentacles  first  become  visible — in  the 
figure  they  are  obscured  by  the  prototroch.  The 
seta  and  the  cilia  have  been  omitted  in  part  in  order 
that  the  pigmentation  may  be  more  clearly  seen. 

Fig.  29.  Polydora  A. — Anterior  end  of  a  more  advanced  Necto- 
soma, dorsal  aspect.  X  75.  (From  a  mounted 
specimen  only.) 

Fig.  30.  Polydora  J.— Setae.  {A)  Left  side  of  the  specially 
modified  5th  segment  with  its  setae ;  dorsal 
aspect  ;  {B)  Crotchet  (hooded  ?  )  ;  more  highly 
magnified  than  (A). 

Fig.  3!.     (  Polydora.— Setn. 

Fig.  32.  Polydora  B. — A  segmeut  from  about  half  way  along 
the  body,  to  show  the  arrangement  of  the  pigment ; 
setae  and  cilia  not  shown. 

•  The  si)lieiical  projection  between  the  rami  is  not  present  on  all  of 
these  parapodia,  and  its  outline  has,  therefore,  been  indicated  in  fijjs.  '2.5 
;ind  -26  by  a  dotted  line. 
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Plate  III. 


Fig.  10.  Nephthys. — Metatrochophore,  ventral  aspect,  x  75. 
(From  a  mounted  specimen  only.) 

Fig.  11.  Nephthys.—^etae.  (^)  Frilled  seta;  (B)  Smooth 
seta. 

Fig.  33.  Spionid  B. — Nectosoma,  anterior  end,  dorsal  aspect. 
X  75.  (From  a  mounted  specimen  only).  S.  per., 
permanent  setae  ;    S.  prov.,  provisional  setae. 

Fig.  34.     Posterior  end  of  the  same  larva,  ventral  aspect,      x  75. 

Fig.  35.  Spionid  C. — Metatrochophore.  (From  a  preserved 
specimen  except  for  the  eyes.)      X   75. 

Fig.  36.  Spionid  D. — Metatrochophore,  fully  contracted. 
X   75.     (From  a  mounted  specimen  only). 

Fig.  37.  Spionid  D.  Anterior  end  of  more  advanced  and  well 
expanded  Metatrochophore.  X  75.  Only  the 
bases  of  the  setae  shown.  Pr.,  snout-hke  anterior 
prolongation  of  the  prostomium. 

Fig.  38.  Spio. — Metatrochophore.  X  75.  (From  a  mounted 
specimen  only.) 

Fig.  39.  Magelona. — Nectosoma  which  has  shed  the  provisional 
setae  from  all  segments  of  the  anterior  body- 
region  except  the  first ;  the  larval  region  of  the 
tentacle  of  the  left  side  has  also  been  shed  ;  X  75. 
S.  per.  cap.,  permanent  capillary  setae  of  the 
anterior  body-region  ;  S.  per.  cr.,  crotchets 
(permanent  setae)  of  the  middle  and  posterior 
body-regions  ;  S.  prov.,  provisional  setae  of  the 
fii"st  segment  and  of  the  middle  body-region ; 
T.  larv.,  larval  portion  of  the  right  tentacle ; 
T.  per.,  permanent  portion  of  the  tentacles. 

Figs,  A.  and  B.  Diagrams  of  akrotroch  of  Phyllodocid  C. — 
(A)  Profile ;  (B)  Surface  view.  I.,  lateral  extensions ; 
ni.,  median  piece ;  m.  I.  c,  median  long  ciha ; 
p.  hk.,  paired  "  hook  "  of  long  ciha. 

Fig.  C.  Trochophore  of  Nerine  cirratulus.  (After  Leschke, 
modified  from  Cunningham  and  Ramage). 
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Plate  IV. 

Fig.  12.  ('haetopterus. — Trochophore.  Optical  section.  X  40. 
(From  a  inoimted  specimen  only.)  R.,  rectum  ; 
St.,  stomach. 

Fig.  i;i  ('haetopterus. — Metatrochopliore,  ventral  aspect. 
X  40.  Fully  contracted.  E.  ant.,  anterior  pair 
of  eyes,  immediately  in  front  of  which  a  long  rigid 
cilium  is  seen  ;  E.  post.,  right  eyes  of  the  two 
closely  approximated  posterior  pairs.  Mtr.  I  and  2. 
anterior  and  posterior  mesotrochs. 

Fig.  11.  (.'haetopterus. — More  advanced  Metatrociiophore  than 
that  of  fig.  13  ;  dorsal  aspect.  X  40.  (From  a 
mou)ited  specimen  only.)  Cd.,  caudal  appendage  ; 
S.  sp.,  special  setae  of  the  fourth  segment ;  U.-L., 
under-lip. 

Fig.  10.  P('Cti)taria. — Very  early  Metatrochophore,  from  the 
right  side.      X  75.     An.  B.,  anal  ridge. 

Fig.  41.  Pectinaria. — Moi'e  advanced  MetalrochoplKirc  willi 
oesophagus  protruded  ;  from  the  left  side.  x  75. 
(From  a  mounted  specimen  only.)  An.  R.,  anal 
ridge  ;  Oe.,  protiuded  oesophagus  ;  RaL.  (lcv(>loping 
paleae  seen  through  the  body-wall. 

Fig.  4li.  Rcctinaria. — Metatrochophore^  almost  ready  for  meta- 
morphosis; ventral  aspect.  X  75.  (From  a  mounted 
specimeii.)  An.  R.,  anal  ridge.  The  prototroth  is 
indicated  at  the  sides ;  its  further  course  is 
marked  by  the  absence  of  pigment  except  in  the 
region  of  tlic  iiuaitii,  where  it  could  not  he  followed 
pi'ccisely. 

Fig.  \'-\.  Rccltnaria. —  J'arts  of  tlu;  most  advanced  Metal rocho- 
|)hore  seen.  (A)  ]*aleae  as  seen  through  the 
body- wall.  X  120;  {R)  Posterior  end,  y<Mitral 
aspect.  X  75.  To  show  the  rudiment  of  the 
scupha  (Sc). 

V'v^.  II.  Pi'ctlnarla.—VjiirW  metamorphosis  stage  lioni  tli(> 
left  side.  X  75.  (From  a  mounted  spcriiiicn 
only).  Pal.,  [)alea('  Ix'gijiuing  to  project  IVoni 
the  bo(h--wall  ;    T.  kit.,  lateral  <eiiliicl<'s. 
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Fig.  45.  Pectinaria. — Later  metamorpliosis  stage ;  from  the  left 
side.  X  75.  (From  a  momited  specimen.) 
L.,  compressed  lobes  of  ttie  ventral  surface  ;  Pal., 
paleae  ;  Ptr.,  probable  position  of  the  prototroch 
(visible  during  life  only,  and  therefore  indicated 
by  a  dotted  line)  ;  Sc,  scapha  ;  T.  laf.,  lateral 
tentacle  ;    T.  med.,  median  tentacle. 

Fig.  46.  Pectinaria.  Tubicolous  stage  before  the  commence- 
ment of  Ufe  on  the  sea-bottom  ;  ventral  aspect. 
X  75.  (From  a  preserved  specimen  only.)  L., 
compressed  lobes  of  the  ventral  surface ;  Pal., 
paleae  ;  Sc,  scapha  ;  T.  lat.  1  and  2,  right  lateral 
tentacles  (of  outer  and  inner  pair  respectively) ; 
T.  med.,  median  tentacle  ;  Th.,  tube  secreted  by 
the  worm  ;   27r  i',  remnant  of  telotroch  ? 

Fig.  47.  Pectinaria. — Parts  of  the  Metatrochophore  as  seen 
during  life,  to  show  the  arrangement  of  the  cilia. 
{A)  Anal  segment  from  behind  ;  {B)  Posterior  end 
from  the  right  side  ;  (C)  Oral  region  from  the  right 
side;  ^«.,anus;  An.R.,  anal  ridge;  C.  an.,  dehcate 
ciha  round  the  anus  ;  C.  trans.,  transverse  row  of 
cilia  at  the  anterior  end  of  the  neurotroch  ;  C.  or., 
oral  ciUa  ;  Ntr.,  neurotroch  ;  Ptr.,  prototroch  ; 
Sph.,  spherical  prominence  immediately  behind 
the  posterior  end  of  the  neurotroch  ;  T.  C.  Ntr., 
tuft  of  cilia  in  which  the  neurotroch  terminates  ; 
T.  C.  or.,  tuft  of  cilia  which  marks  the  posterior 
boundary  of  the  oral  ciliated  region ;  Ttr., 
telotroch. 
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